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ABSTRACT
The purpose of this study was to determine if a 15-week mindfulness curriculum, MindUP,
impacted participants’ performance on a standardized mathematics word problem measure. The
study was conducted in two elementary schools in a large public school district in North Carolina
during the 2020-2021 school year. Participants included 74 third- and fourth-grade students who
received a supplemental mindfulness curriculum and 77 students who received only business as
usual instruction (N = 151). The research question and null hypothesis were tested using a
quantitative, quasi-experimental, pretest posttest, nonequivalent, control group design. The
TOMA-3 Word Problems subtest was administered by school personnel to all participants and
was used as the pretest and posttest instrument. An ANCOVA was used to determine if there was
statistically significant difference TOMA-3 performance, based on group membership, while
controlling for the covariate pretest score. The results of this study reveal no statistically
significant difference in word problem performance following participation in the mindfulness
curriculum. These findings reveal discrepancies with empirical evidence in favor of mindfulness
practices in schools and raise questions for future examination. More work is needed to
understand the specific components of mindfulness curricula that improve executive function
skills and how these improvements transfer to mathematics performance.
Keywords: cognitive load, elementary mathematics, executive function, inhibition,
mathematics word problems, mindfulness, shifting, updating
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CHAPTER ONE: INTRODUCTION
Overview
While researchers have established the importance of executive function (EF) for
academic achievement, attempts to train EF skills with upper elementary students have not
demonstrated consistent transfer to mathematics achievement. The purpose of this study was to
determine if the mindfulness curriculum, MindUP, impacted third- and fourth-graders
performance on a standardized mathematics word problem-solving measure. Chapter One begins
with background information on US mathematics achievement and researchers’ developing
understanding of EF. The theoretical foundation for this study is outlined to demonstrate how
tenets of cognitive load theory and self-regulated learning theory relate to the present study.
Next, the paucity of research examining mindfulness practices to support executive functions and
specific aspects of mathematics performance, like word problems, is discussed. Finally, the
purpose of this study is described and this study’s contribution to the body of knowledge on
these topics is presented. The last sections of Chapter One include the research question and key
definitions for this study.
Background
Walter Mischel, a Harvard psychologist, designed the marshmallow to measure
children’s ability to delay gratification through self-regulation. The test measures the role of
children’s attention processes by manipulating their attention to rewards and examining their
ability to delay gratification (Mischel & Ebbesen, 1970). Mischel and Ebbesen (1970) found that
children could succeed at delaying gratification through the processes of shifting and inhibition.
Mischel and Ebbsen prompted other researchers to investigate the cognitive processes children
use to improve self-control. In one study, Murray et al. (2016) used the marshmallow test to
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evaluate the impact of metacognitive therapy on 5- and 6-year-olds’ ability to delay gratification.
The therapy improved children’s self-regulatory behavior. Murray et al. believed similar
techniques could “provide a basis for developing adaptive metacognitions and improved selfregulation” (p. 38). The positive effects of metacognitive therapy demonstrate the malleability of
cognitive skills in childhood.
Executive functions are a set of cognitive skills consistently linked to students’ success in
school. Miyake et al. (2000) suggested that executive function (EF) includes three
neurocognitive skills: shifting, updating, and inhibition. Miyake et al. operationally defined EF
as “(a) shifting between tasks or mental sets, (b) updating and monitoring of working memory
representations, and (c) inhibition of dominant or prepotent responses” (pp. 54-55). They found
the skills were interrelated, yet distinct. Shifting is a skill required to disengage in irrelevant
tasks and engage in relevant tasks (Miyake et al., 2000). It is required to perform a new action
while ignoring “proactive interference or negative priming” (Miyake et al., 2000, p. 54).
According to Miyake et al. (2000) updating is the skill that supports individuals’ ability to
manipulate and use information stored in working memory. Finally, inhibition helps individuals
intentionally suppress dominant or automatic responses (Miyake et al., 2000).
Recent researchers have adopted similar conceptualizations of EFs to include shifting,
updating, and inhibition outlined by Miyake et al. (2000) (Baggetta & Alexander, 2016;
Clements et al., 2016; Zelazo et al., 2017). These skills are involved in impulse control, focused
attention, cognition, and behavior (Clements et al., 2016). Since EF skills are essential for
“conscious goal-directed problem-solving” (Zelazo et al., 2017, p. 2), they are foundational for
learning and early school achievement (Blair & Raver, 2015). It is possible that EF skills can be
successfully trained in school settings (Diamond & Ling, 2016; Dias & Seabra, 2017; Holmes &
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Gathercole, 2014; Takacs & Kassai, 2019) which may lead to improved academic outcomes
(Diamond & Ling, 2019). More research is needed to apply neuroscientific findings in the
classroom in practical ways (Hermida et al., 2015). It is possible to promote mathematics
achievement through interventions that develop and support foundational cognitive skills for
learning (Fuchs et al., 2020).
Historical Understanding of Cognition
From an information processing perspective, cognition refers to a set of mental processes
involving “perceiving, rehearsing, thinking, problem solving, remembering, forgetting, and
imaging” (Schunk, 2016, p. 161). In his book, Executive Functions: What they are, How they
Work, and Why they Evolved, Barkley (2012) highlighted 18 distinct definitions of EF and
posited that “it is no wonder the field has made little headway in its development of useful
operational definitions of EF in the past 30 years” (p. 9). Fortunately, in the past two decades,
research on EF and its development in early childhood has produced a clearer operational
definition of EF (Zelazo et al., 2017). Developmental psychologists and neuroscientists agree
that EF constructs are arranged in parts of the prefrontal cortex (Blair, 2017; Miyake et al.,
2000).
EF includes three skills: shifting, updating, and inhibition (Miyake et al., 2000). Shifting
allows individuals to change flexibly between tasks; updating is involved in successfully
retrieving and manipulating information in working memory; inhibition supports individuals in
suppressing attention to irrelevant information or incorrect responses (Miyake et al., 2000).
These skills support attention regulation, goal attainment, response inhibition, reflection, and
planning and increase an individual’s ability to resist distractions, tolerate frustration, and
consider various perspectives and consequences (Clements et al., 2016; Zelazo et al., 2017).
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Friedman and Miyake (2017) described EF skills as “high level cognitive processes” that direct
“lower-level processes” to support regulation of thinking and action toward the attainment of
goals (p. 186).
The body of knowledge investigating these EF skills has increased because of their
influence on student performance across core content areas (Baggetta & Alexander, 2016;
Davidse et al., 2015; Gerst et al., 2017). After controlling for socioeconomic status, Morgan et al.
(2019) found deficits in EF skills in kindergarten increased students’ risk of academic difficulties
in mathematics, science, and reading throughout their elementary school years. Usai et al. (2018)
found that updating supported students’ ability to manipulate important information in their
working memories. Usai et al. (2018) found that even slight deficiencies in updating working
memory prior to kindergarten were linked to mathematics difficulties. Shifting is required to
consider different perspectives (Zelazo et al., 2017) and to successfully alternate between
strategies (Usai et al., 2018). Viterbori et al. (2017) found that inhibitory control supported
students’ ability to identify relevant information and to use the information in sensible ways.
Although Miyake et al., (2000) found a moderate correlation between updating, shifting, and
inhibition, they determined that the role of each skill was distinguishable. Still, researchers
attempt to disentangle EF skills to better understand their relationship with overall mathematics
achievement and specific mathematics competencies (Cragg et al., 2017).
Cragg et al. (2017) examined the extent to which each of the three EF skills contributed
to domain-specific factual knowledge, conceptual understanding, and procedural skills in
mathematics in 293 participants aged 8 to 25. They found that domain-specific cognitive skills
partially mediated the relationship between EF and participants’ mathematics achievement.
Cragg et al. stated,
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Inhibitory control within the numerical domain was associated with factual knowledge
and procedural skill, which in turn was associated with mathematical achievement.
Working memory contributed to mathematics achievement indirectly through factual
knowledge, procedural skill and, to a lesser extent, conceptual understanding. (Cragg et
al., 2017, p. 12)
Given their findings, Cragg et al. presented an updated theoretical model to explain the
relationships between shifting, updating, and inhibition and mathematics achievement and
suggested these relationships were stable from 8-years of age to young adulthood (see Appendix
A).
Nguyen et al. (2019) published a meta-analysis using data from studies with participants
in early childhood, age 3 to age 5, wherein they examined whether associations between
mathematics and EF operate via specific EF skills or via a latent EF factor. Mathematics
achievement was assessed using the ECLS-K mathematics battery which measures conceptual
knowledge, procedural knowledge, and mathematics problem solving. Direct cognitive
assessments and teacher reports were used to measure shifting, updating, and inhibition. The
researchers suggested that a single EF factor was responsible for most of the EF and mathematics
associations (Nguyen et al., 2019). These findings are consistent with findings from similar
longitudinal studies. Nesbitt et al. (2019) and Willoughby et al. (2018) who found that latent
factors influencing EF and mathematics were highly correlated in early childhood.
Understanding the relationships among mathematics achievement and EF skills has implications
for attempts in early childhood to improve EF, mathematics achievement, or both (Nguyen et al.,
2019).
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Since EF and mathematics achievement are closely related, it is possible that supporting
the development of EF skills could improve students’ mathematics achievement. Grissmer et al.
(2010) recommended that interventions prior to kindergarten focus on improving students’
cognitive skills for learning. To support students’ mathematics achievement, educators must
broaden their focus and consider these foundational cognitive skills. Zimmerman (2008) found
that strong EF skills supported students’ self-regulated learning and metacognition in cognitively
demanding situations. Because solving mathematics word problems is a high cognitive demand
task, strong EF skills may support students’ success. In addition, Zelazo et al. (2017) suggested
that strong EF mitigated the negative influence of students’ mathematics anxiety. Ribner et al.
(2017) believed that strong EF skills could even help students catch up to their peers who score
higher on early mathematics assessments. Based on research, it is understood that “achievement
in mathematics is underpinned by domain-specific processes, which in turn draw on domaingeneral skills” (Geary, 2004; Nguyen et al., 2019, p. 24).
Societal Concerns
Students in the United States experience disproportionately low performance in
mathematics. In its report, the Organization for Economic Co-operation and Development
(2020) investigated The Program for International Student Assessment (PISA) scores of
industrialized countries and found the United States ranked 32 out of 40 countries. This
assessments measures 15-year-olds’ ability to effectively apply mathematics to real-world
situations. Knuth et al. (2016) and Rittle-Johnson et al. (2017) found that mathematics
performance in early years impacts one’s success in life, including educational, career, and
health outcomes. Given the importance of early mathematics achievement and the current
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realities of underperformance in United States’ schools, there is a need for considerable and
immediate action.
While individuals are not born with EF skills, they are born with the ability to develop
them (Center on the Developing Child, 2012). The development of EF can be attributed to an
individual’s biological factors and experiences (Dawson & Guare, 2018). These skills begin to
develop in the early childhood years and peak in early to middle adulthood (Zelazo et al., 2017).
Researchers have identified factors leading to the development of weak EF skills into the early
school years. Poverty is one factor that negatively impacts the development of EF, with limited
cognitive stimulation and environmental factors believed to be variables associated with this
phenomenon (Haft & Hoeft, 2017). The Center on the Developing Child (2012, 2014) at Harvard
University posits that nurturing the development of EF skills should be a priority in preschools
and early educational settings. By supporting children’s EF development, educators and
stakeholders can improve learning outcomes and produce a more educated population, support
positive behaviors leading to more stable communities, increase positive choices leading to
greater health, and improve planning and problem solving leading to a more competent
workforce (Center on the Developing Child, 2012).
Based on the requirements of Common Core State Standards (CCSS), teachers require
students to think flexibly about mathematics content. The National Council of Teachers of
Mathematics (2014) described an ideal mathematics classroom as one that encourages students’
engagement in problem solving and mathematics discourse rather than the traditional
conceptualization that followed a gradual release of responsibility framework. To be successful
in this environment, students must utilize EF skills (Zelazo et al., 2017). Since the development
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of mathematics skills is related to cognitive and behavioral regulation, it is important to consider
the impact of EF on mathematics learning (Ribner, 2020).
Increasing teachers’ understanding of EF skills is essential for effective planning and
instruction. Joswick et al. (2019) recommended teachers support learners’ specific needs by
concurrently manipulating mathematics demands and EF demands during classroom instruction
and learning activities. They presented a continuum that included both mathematics demand and
EF demand and recommended teachers slowly increase demands on each continuum to
effectively build mathematics competencies and EF skills. Joswick et al. (2019) also recommend
task modifications to support mathematics, shifting, updating (working memory), and inhibition.
See Appendix B for the matrix and a table of suggested task modifications. It is possible that
high-quality mathematics instruction and intervention that present content in challenging and
engaging ways may support the development of students’ EF skills and mathematics
competencies (Clements et al., 2016; Joswick et al., 2019). Education researchers must consider
innovative ways to improve students’ early mathematics achievement. Supporting the
development of EF skills is an avenue that warrants more study since children’s EF skills are
malleable and can be improved with interventions (Dawson & Guare, 2018; Zelazo et al., 2017).
Theoretical Foundation
John Sweller (1988) developed cognitive load theory concerning the impact of extrinsic
and intrinsic factors on learners’ knowledge acquisition. When presented with complex material,
learners’ working memory capacity can be overloaded due to extrinsic and intrinsic elements
(Sweller, 2010). The structure of mathematics classrooms and instructional decisions may
increase students’ extrinsic load and constrain cognitive resources needed for learning (Begolli et
al., 2018; Sweller, 2012). Ribner (2020) found that kindergarten students with higher EF
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benefitted more from mathematics instruction than their peers with low EF. For kindergarten
participants, the magnitude of the effect of EF on mathematics growth across the year was almost
twice that of the effect of instructional frequency (Ribner, 2020). Ribner (2020) asserted that
since children with stronger EF skills “learn more efficiently and effectively” from similar
instruction, supporting EF may improve students’ overall academic outcomes (p. 13).
A second theory grounding this study is that of self-regulated learning. Zimmerman and
Schunk (2001) defined self-regulated learning as a process through which learners use their
mental capacities in learning academic skills. Since EF skills are required for self-regulation, this
theory is important to this study. Zimmerman (1986) suggested students’ planning, organizing,
self-instructing, self-monitoring, and self-evaluating throughout the learning process are all
essential parts of self-regulation (Zimmerman, 1986). Paris and Paris (2001) assert that three
areas of research have emerged regarding self-regulated learning – “strategies for reading and
writing, cognitive engagement in tasks, and self-assessment” (p. 89). Self-regulation of learning
can be taught through explicit instruction, facilitated reflection, metacognitive discussion, and
practice with experts (Paris & Winograd, 2003). Skills involved with self-regulation of learning
are closely related to EF skills.
It is possible that mindfulness may help even young learners manage their cognitive load
via self-regulatory strategies. Kabat-Zinn (2003) defined mindfulness as an intentional awareness
of the present (Kabat-Zinn, 2003). Research suggests that mindfulness supported high-order
cognitive processing and led to improved EF skills in early adolescence (Riggs et al., 2015).
Galla et al. (2016) found that skills attained during mindfulness training “map conceptually onto
the EF capacities underlying self-regulation” (Galla et al., 2016, p. 298). Diamond (2012)
hypothesized that programs that will be most successful at improving children’s EF skills will
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directly challenge EFs and will indirectly support the development of EF by helping students to
reduce or manage their stress. In their meta-analysis, Diamond and Ling (2019) concluded that
mindfulness approaches were among the most effective at improving students’ EF skills.
Mindfulness practices are a possible avenue through which educators can support
students’ cognitive development and self-regulation of learning. A supplemental mindfulness
curriculum, such as MindUP, may promote social and emotional skills that positively impact
students’ psychological well-being and academic outcomes (Scholastic, 2011). By encouraging
students to be more mindfully aware, MindUP may effectively support self-regulated learning
and metacognition (Scholastic, 2011). Geronimi et al. (2020) concluded that shifting, updating,
and inhibition were significantly correlated with mindfulness at the latent variable level and
uniquely with each EF skill. Geronimi et al. (2020) were among the first to find correlations
between EF skills and mindfulness in 88 participants with a mean age of 9.80 years. The
researchers suggested that children who are more mindful are less likely to experience
difficulties with shifting, updating, and inhibition.
Given the subpar mathematics achievement in the United States, innovative attempts to
support improved mathematics outcomes are needed. There is a limited body of knowledge
investigating ways to strengthen EF to improve student learning (Hermida et al., 2015; Joswick
et al., 2019). Supporting EF development in favor of improved domain specific academic
outcomes may be an effective approach for addressing poor mathematics achievement (Clements
et al., 2016; Fuchs et al., 2020; Hermida et al., 2015). School programs that promote selfregulation and the development of EF may lead to improved mathematics outcomes.
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Problem Statement
The problem examined in this study was two-fold. First, while there is a considerable
body of knowledge investigating the phenomenon of EF skills among students in prekindergarten and early elementary grades (Benzing et al., 2019; Dias & Seabra, 2017; López et
al., 2017; Zelazo et al., 2017), there is a limited body of knowledge investigating the
phenomenon among students in the upper elementary grades (Zelazo et al., 2017). As
mathematics content becomes more challenging, cognitive demand increases and students with
EF deficits may experience increased challenges. Since EF skills are not fully developed until
middle adulthood (Zelazo et al., 2017; Zelazo & Carlson, 2012) attempts to support their
development should continue beyond early childhood years.
Second, though researchers have established that strong relationships between
mathematics achievement and EF skills exist, attempts to train EF skills have not demonstrated
consistent transfer to mathematics achievement (Cragg et al., 2017; Melby-Lervåg & Hulme,
2013; Rapport et al., 2013; St. Clair-Thompson et al., 2010). Numerous studies have examined
the impact of various strategies to train EF skills on cognitive measures of EF (Diamond & Ling,
2019). While mindfulness practices are suggested to be among the most advantageous at
improving student outcomes on EF measures (Diamond & Ling, 2019), more work is needed to
examine the transfer of these EF gains to specific mathematics tasks.
After a review of the literature, the problem is that while the relationship between
mathematics achievement and EF is well established, insufficient research has been conducted
with upper elementary school participants to examine the potential to support specific
mathematics tasks by strengthening students’ EF skills. While mindfulness practices are
suggested to improve EF skills in children (Diamond & Ling, 2019), the transfer of these gains to
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mathematics word problem performance has not been investigated. To support upper elementary
students’ success with mathematics word problems, educators should consider supporting EF
through a whole-class mindfulness curriculum.
Purpose Statement
The purpose of this quantitative, quasi-experimental, nonequivalent control group design
study was to determine the effectiveness of a mindfulness curriculum on third- and fourth-grade
participants’ mathematics word problem-solving achievement compared to a control group that
did not receive the MindUP curriculum. The participants in this study included students with
and without specific learning disabilities (SLD) . The pretest and posttest instrument was the
TOMA-3 Word Problems subtest. The independent variable in this study was group
membership which was a categorical variable with two levels: control group or treatment group.
Group membership was determined based on classroom assignment. The dependent variable
was participants’ posttest scores on the TOMA-3 Word Problems subtest, and the covariate was
participants’ pretest scores. Both the dependent variable and covariate are continuous variables
with a possible raw score ranging from 0 to 30.
The treatment group received instruction through a mindfulness curriculum, MindUP,
which is a whole-class curriculum. MindUP is an evidence-based supplemental curriculum
focused on fostering students’ social and emotional awareness and promoting their psychological
well-being and academic achievement (Scholastic, 2011). A school counselor delivered the
MindUP curriculum to the treatment group in a whole class setting once a week for 15 weeks,
with each session lasting approximately 40 minutes. Following implementation of the MindUP
curriculum, all participants were administered the TOMA-3 Word Problems posttest.
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Significance of the Study
EF skills are often misunderstood and commonly overlooked by general education
teachers. Because EF is closely related to mathematics performance, supplemental curricula to
promote EF may be an effective and manageable approach to developing EF skills in children
(Diamond & Lee, 2012; Diamond & Ling, 2019) and may be beneficial in supporting students’
mathematics outcomes. This study adds to the body of knowledge in two important ways. First, a
participant group for which limited research exists regarding strengthening EF skills was
examined. In addition, the results of this study shed light on the potential to transfer EF skill
improvements to specific academic tasks, mathematics word problems.
Late-childhood and upper elementary years are a developmental period when behaviors,
personalities, and competencies in children undergo dramatic development (Collins & National
Research Council, 1984). This is a time of synaptic overproduction in the prefrontal cortex,
which may be an optimal time for the development of EF skills (Giedd, 2008). Despite the belief
that this time a critical period in brain development, most studies of EF focus on preschool and
kindergarten years (Benzing et al., 2019; Blair & Raver, 2014; Dias & Seabra, 2017; López et
al., 2017; Zelazo et al., 2017). Additionally, despite empirical evidence that mindfulness training
is beneficial for adults, there is limited research on the effects of mindfulness training in children
(Schonert-Reichl et al., 2015). Most studies examining mindfulness with children have focused
on mental health and behavioral concerns, like depression and ADHD (Biegel et al., 2009; van
de Weijer-Bergsma et al., 2012). Zelazo and Lyons (2012) suggested that age-appropriate
mindfulness practices can benefit children’s academic and social success. This study examines
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the potential for a mindfulness curriculum to support EF skills and promote self-regulation with
children in upper elementary school.
Researchers have asserted that EF is a malleable construct (Zelazo et al., 2017). Though
previous studies have established the relationship among EF skills and mathematics achievement
(Baggetta & Alexander, 2016; Bull & Lee, 2014; Clements et al., 2016; Cragg et al., 2017;
Gilmore et al., 2015), there is a scarcity of research regarding the transfer of these improvements
to specific mathematics competencies measured using standardized mathematics assessments.
This study adds to the body of knowledge investigating the potential for a mindfulness
curriculum to support students’ success with mathematics word problems. While SchonertReichl et al. (2015) recognized the need for studies of mindfulness with students in upper
elementary school, their study measured the impact of mindfulness training on cognitive control,
stress physiology, social acceptance, and school outcomes. The researchers suggested that
mathematics grades improved for participants who were included in the MindUP lessons,
however these gains were assessed through teacher reported end of year mathematics grades
(Schonert-Reichl et al., 2015). Mathematics outcomes in this study are measured using a
standardized assessment of mathematics word problem performance.
Research Question
RQ1: Is there a difference in the word problem-solving adjusted posttest mathematics
scores of third- and fourth-grade students between those who participate in a supplemental
mindfulness curriculum and those who do not while controlling for pretest mathematics scores?
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Definitions
1. Executive function – Executive function (EF) refers to three neurocognitive skills of
shifting, updating, and inhibition (Miyake et al., 2000). According to Miyake et al.
(2000), shifting, updating, and inhibition are closely related, yet distinct.
2. Element Interactivity – Element interactivity refers to skill complexity resulting from the
number of elements that must be simultaneously processed in working memory (Chen et
al., 2015).
3. Extrinsic cognitive load – Extrinsic cognitive load refers to the demand on learners when
they complete instructional tasks (Chandler & Sweller, 1991). Extrinsic cognitive load is
influenced by the design and presentation of instructional materials and can be altered
through instructional interventions (Chen et al., 2015).
4. Germane load – Germane cognitive load is the collective mental capacity learners need
to integrate new information with old information (Chandler & Sweller, 1991). It does
not impose its own load, but “redistributes working memory resources from extraneous
activities to activities directly relevant to learning by dealing with information intrinsic to
the learning task” (Sweller et al., 2019, p. 264).
5. Inhibition – Inhibition, or inhibition of prepotent responses, is the process wherein
individuals willfully obstruct automatic or dominant responses that are not appropriate to
the present context (Miyake et al., 2000).
6. Intervention – Intervention refers to supplemental instruction within a tiered MTSS
framework used to strengthen learners’ skill deficits and support their future academic
performance (Soares et al., 2018).
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7. Intrinsic cognitive load – Intrinsic cognitive load refers to the innate difficulty involved
with learning novel information (Sweller, 1994). Intrinsic load is impacted by learners’
prior knowledge and the element interactivity within a task (Chandler & Sweller, 1991).
8. Latent variable – The latent variable EF involves the shared and interrelated nature of
updating, shifting, and inhibition (Miyake et al., 2000).
9. Manifest variable – The manifest variable EF refers to the diverse nature of the three
constructs and attempts to disentangle these (Miyake et al., 2000).
10. Mindfulness – Awareness to the present moment that is achieved by intentionally
focusing on current experiences without passing judgement and while ignoring
distractions (Kabat-Zinn, 2003).
11. Shifting – Miyake et al. (2000) described shifting as a process wherein an individual
disengages with irrelevant tasks, operations, or mental sets and engages with relevant
ones. Shifting allows an individual to perform a new operation by overcoming negative
priming or proactive interference (Miyake et al., 2000).
12. Updating – Miyake et al. (2000) described updating, or updating of working memory
representations, as a process wherein an individual manipulates information in working
memory by monitoring and coding incoming information to determine its relevance to the
current task or goal and replacing irrelevant, old information with relevant, new
information.
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CHAPTER TWO: LITERATURE REVIEW
Overview
This chapter begins with a discussion of two theoretical frameworks to demonstrate how
cognitive load theory and self-regulated learning theory relate to this study. Next, the multitiered systems of support (MTSS) framework is reviewed to suggest executive function (EF)
skills be supported under the social emotional learning (SEL) umbrella of MTSS. Related
literature linking EF skills and mathematics achievement is reviewed and findings from studies
aimed at supporting the development of EF are discussed. Next, mindfulness is introduced and
the impact of mindfulness practices on EF is reviewed. The results of studies investigating
mindfulness practices are reviewed and researchers’ suggestions for future research are
highlighted. The summary includes a synthesis of the key findings from related literature and a
discussion of the gap in the body of knowledge.
Theoretical Framework
Developmental cognitive neuroscience is an expanding field concerned with the
relationship between cognitive and neural development (Munakata et al., 2004). To fully
understand children’s ability to acquire and organize new learning, it is important to consider
factors that contribute to this process. One area that has received increased attention in recent
years is the cognitive skill set referred to as executive function (EF). EF skills rely on neural
circuits in the prefrontal cortex and are responsible for actively controlling attention to achieve a
goal (Zelazo et al., 2017). Since EF skills are malleable (Dawson & Guare, 2018; Zelazo et al.,
2017), it is possible that training may support learning and academic achievement. In this study,
cognitive load theory and self-regulated learning theory are the theoretical lenses used to suggest
the potential to support elementary students’ learning and academic achievement.
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Cognitive Load Theory
Cognitive load theory is a framework for understanding the cognitive demand on
students’ information processing systems during learning. Sweller (1988) asserted that the
working memory has a limited capacity, therefore educators should be cognizant of learner’s
cognitive load during learning. Sweller (1988) discussed three types of cognitive load: intrinsic,
extrinsic, and germane. Intrinsic load is the content’s level of difficulty, and it is dependent on
learners’ prior knowledge, existing schemas, and the complexity of the content (Chandler &
Sweller, 1991; Sweller, 1994). Extrinsic cognitive load, or extraneous load, is the demand from
environmental factors such as instructional design and delivery or unnecessary distractors.
Educators can reduce extrinsic load during instructional design to support learning (Chen et al.,
2015; Sweller, 2010). Germane load is the sum of intrinsic load and necessary extraneous load
(Chandler & Sweller, 1991). Germane load is required for the development of effective schemas
to store new information (Sweller et al., 1998) and helps distribute cognitive resources from
extraneous aspects of the task to intrinsic aspects of the task (Sweller et al., 2019).
Learners’ cognitive systems are inundated with extraneous load from their environments
(Choi et al., 2014) and learning is compromised when learners’ must devote working memory
capacity to nonproductive elements. Effective learning takes place when learners can devote
their working memory capacity to dealing with intrinsic load (Sweller, 2010). While educators
cannot alter intrinsic cognitive load, they can alter extraneous load during instruction to increase
learners’ available working memory capacity (Sweller, 1994). By maintaining an awareness of
the extraneous load imposed during instruction, educators can support effective learning
outcomes.
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Self-Regulated Learning
Self-regulated learning is “the self-directive process through which learners transform
their mental abilities into task related academic skills” (Zimmerman & Schunk, 2001, p. 1).
Zimmerman (1986) defined self-regulation as the degree to which learners can control their
behavior and metacognitively, motivationally, and behaviorally participate in their own learning
process. Effective self-regulation involves planning, organizing, self-instructing, self-monitoring,
and self-evaluating throughout the learning process (Zimmerman, 1986). Self-regulation
theorists proport that children can learn to regulate their behaviors and learning (Paris & Paris,
2001). Various models have been suggested to explain self-regulation theory, each with different
implications for teaching and learning.
Corno’s model of self-regulation (1986) emphasizes the role of attention and volition in
learning. Corno underscored the importance of metacognitive processes in directing and
controlling concentration during the learning process. He believed that students should practice
using metacognitive strategies that make them more efficient and effective learners. Similarly,
Paris and Winograd (1990) found that students’ learning was enhanced when they aware of their
own thinking. Metacognition involves cognitive self-appraisal and cognitive self-monitoring
(Paris & Winograd, 1990). Metacognitive awareness supports learners in taking control of their
learning environments (Corno, 1986; Gitomer & Glaser, 1987).
Paris and Winograd (1990) found that metacognition is “embedded in cognitive
development and represents the kind of knowledge and executive abilities that develop with
experience and schooling” (p. 19). They conceptualized metacognition as “both a product and
producer of cognitive development” (p. 19). By supporting learners in regulating their own
learning processes, educators can empower a sense of autonomy and control by the learner who
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is able to monitor, direct, and regulate actions aimed at achieving his own goals (Paris & Paris,
2001). Students can learn strategies for self-regulation by practicing these strategies within their
zone of proximal development. (Paris & Paris, 2001).
Theory Application
Complex mathematics tasks increase students’ cognitive load (Sweller, 1988). Since EF
skills support students in managing cognitive load, EF skill deficits may cause learners’ limited
cognitive capacity to be overloaded. Although teachers and school leaders should understand the
impact of the learning environment on students’ cognitive load (Chen et al., 2015), students can
learn self-regulation strategies to help manage their cognitive load during learning. Weinstein
and Mayer (1986) recommended teaching students the strategies they need to maintain a positive
learning environment, deal with anxiety, and increase self-efficacy. By teaching self-regulatory
strategies, educators can support students in controlling their information processing systems
(Winne, 2001). Educators should consider how deficits in EF skills impact learning.
Zimmerman and Schunk (2001) found that students learned self-regulatory strategies
from models and scaffolded practice. For students with weak EF skills, self-regulatory strategies
may be an avenue through which they can learn to manage their cognitive load. Such strategies
may be especially important when solving mathematics word problems, since intrinsic load is
increased with difficult content (Sweller, 1988, 1994). It is possible that teaching students to be
mindful is one way that educators can support EF development and self-regulation (Bakosh et
al., 2016; Zelazo & Lyons, 2012). Mindfulness practices improve EF skills (Diamond & Ling,
2019) and support students in present-moment awareness and ignoring distractions (Gallant,
2016). Principles of self-regulation theory are closely related to mindfulness practices, found to
support EF and academic outcomes (Diamond & Ling, 2016; Zelazo & Lyons, 2012;
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Zimmerman, 1986). Through mindfulness training, elementary students may learn metacognitive
and self-regulatory strategies that support learning.
Galla et al. (2016) found that skills attained by youth during mindfulness training map
conceptually onto EF skills that underlie self-regulation. For example, while engaging in mindful
awareness, students must hold the goal of sustaining attention in working memory (updating),
inhibit attention to distractions (inhibition), and redirect attention (shifting) (Galla et al., 2016;
Gallant, 2016). Holas and Jankowski (2013) agreed that EF skills are essential for establishing a
state of mindfulness. EF skills related to attention and those not related to attention, like updating
working memory, are determinants of mindfulness (Holas & Jankowski, 2013). See Appendix D
for a visual of Holas and Janowski’s model. Diamond and Ling (2019) proport that the
development of EF skills requires continuously exercising these skills in context and mindfulness
practice supports this goal. Promoting mindfulness with students is likely to improve EF skills
which are essential for mathematics achievement.
Related Literature
United States Mathematics Achievement
In its report A Nation at Risk, the National Commission on Excellence in Education
underscored the achievement gap between American students and their peers from other
industrialized counties (Denning, 1983). The National Commission on Excellence in Education
noted that only one-third of American students had the ability to solve multi-step mathematic
problems and that many students graduate high school without the higher-order thinking skills
needed to be successful in the workforce. Alarmed by the poor academic performance of
American students, educational policymakers passed reforms aimed at improving public
education in America. Yet almost four decades after the National Commission on Excellence in
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Education exposed a failing American public school system, the achievement of American
students continues to lag that of their peers from other industrialized nations (Graham, 2013). In
2018, the United States ranked 33rd among 42 countries that reported their students’ mean
performance on the Program for International Student Assessment (PISA) (The Organization for
Economic Co-operation and Development, 2020).
Since researchers indicate that mathematics performance in early years has implications
for educational outcomes and career success (Knuth et al., 2016; Rittle-Johnson et al., 2017),
immediate action is needed to understand and address the current underperformance. Since the
mid-1960s, the cognitive demand required to be successful with United States mathematics has
increased (Baker et al., 2010). In recent years, 45 states across the United States have adopted the
Common Core State Standards (CCSS) (Association for Supervision and Curriculum
Development, n.d.). To demonstrate proficiency with CCSS, students must use higher-order
thinking skills, problem-solving skills, and analytical skills (Common Core State Standards
Initiative, 2020; NCDPI, 2020) and develop non-algorithmic thinking, which Stein and Smith
(1998) called “doing mathematics” (p. 269).
A Framework to Address Mathematics Achievement
Given the disproportionately low mathematics performance of students in the United
States, education stakeholders search for an empirically grounded framework to support student
achievement. Many state departments of education, school districts, and schools have adopted
the multi-tiered systems of support (MTSS) framework as a systematic, evidence-based model
for addressing student needs and improving student achievement. Proponents of this framework
abandon a narrow focus on academic achievement and support students’ long-term development
and success by ensuring they are healthy, engaged, safe, supported, and challenged (Association

36
for Supervision and Curriculum Development, 2020). By providing support for the whole child
and addressing social and emotional well-being, educators will see improved academic
achievement.
Support for the Whole Child
MTSS is a comprehensive multi-tiered framework that includes academic, behavioral,
and socioemotional supports for students in the general education setting (Cunningham, 2020;
McREL International, 2015; Webb et al., 2018). Within the academic domain, educators
consider instruction students are provided and their learning outcomes as measured by universal
screeners and formative assessments. Educators, school psychologists, and school counselors,
provide ongoing and proactive support to encourage positive behaviors and prevent unwanted
behaviors under the behavior domain (Positive Behavior Interventions and Support, 2019).
Educators increasingly acknowledge the importance of the socioemotional domain. According to
the Collaborative for Academic, Social, and Emotional Learning (CASEL) (2020), social
emotional learning (SEL) is the way that individuals learn and apply understandings, skills, and
attitudes that support the development of positive identity, emotional regulation, and goal
attainment.
Social and Emotional Wellbeing: Mindful Awareness and Self-Regulation
Social and emotional wellbeing is an essential consideration for nurturing positive school
outcomes. Marzano (2001) found that as much as 80% of school achievement is related to
student-level factors. To improve student achievement, schools must take a comprehensive look
at learner variability (Kovaleski et al., 2013). One area to consider within the social emotional
domain is students’ cognitive skills associated with EF. Given the strong correlation between EF
and academic achievement (Best et al., 2011; Dong et al., 2020; Jacob & Parkinson, 2015), it is
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important that educators consider ways to support the development of EF skills. A plausible
approach for promoting students’ social and emotional well-being is supporting the development
of EF skills.
Zelazo and Lyons (2012) proposed that mindfulness is a way to support children’s EF
skills and self-regulation. Mindful awareness and EF each have a “unique role in the human
capacity for higher-order cognitive-processing” therefore, “there is scientific and practical utility
in examining the interrelationship between these cognitive constructs” (Riggs et al., 2015, p.
2745). Mindfulness is an awareness from intentionally paying attention and being focused on the
present moment (Kabat-Zinn, 2003, p. 145). Mindfulness interventions may be used to train
students in present-moment awareness through repeated practice with inhibition of distractions
and intentional shifting of attention (Gallant, 2016). More work is needed to understand how
SEL programs that include mindfulness practices can support students’ academic success
(Schonert-Reichl et al., 2015).
Cognitive Considerations
In 2019-2020, only 14% of US students aged 3-21 received special education services
under the Individuals with Disabilities Education Act (IDEA) (NCES, 2021) and Geary (2004)
suggested that only 5% to 8% of American children are formally diagnosed with a mathematics
learning disability. Still, many students experience persistent low achievement in mathematics
(Nelson & Powell, 2018). Differential achievement in mathematics is the result of multiple
factors including a student’s attitude, motivation, language ability, IQ, social factors, and
educational factors (Cragg & Gilmore, 2014). Learning mathematics requires both cognitive
resources, such as EF, and domain-specific resources, such as mathematics proficiencies
(Clements et al., 2016). Hawes et al. (2019) found that, combined with numerical and spatial
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skills, EF skills accounted for as much as 84% of children’s mathematics achievement when
controlling for age (Hawes et al., 2019).
EF skills include shifting, updating, and inhibition (Miyake et al., 2000). While
individuals are not born with developed EF skills, they are born with the ability to develop them
(Center on the Developing Child, 2014). EF skills develop when children have access to positive
adult models during childhood and opportunities to practice using these skills with support
(Center on the Developing Child, 2012). Researchers have also identified factors leading to the
persistence of weak EF skills into early school years (Moreno et al., 2016). Poverty, for example,
negatively impacts the development of EF skills, with limited cognitive stimulation and
environmental factors believed to impair EF development (Center on the Developing Child,
2012; Haft & Hoeft, 2017; Lawson et al., 2018; Moreno et al., 2016; Raver & Blair, 2014;
Zelazo et al., 2017). Abundance of adversity, stress, high residual mobility, and irregular family
routines result in fewer opportunities to build EF skills (EF+MATH Program, 2020). According
to the Center on the Developing Child at Harvard University (2014), supporting the development
of EF skills in early educational settings may improve students’ educational outcomes.
Unfortunately, many practitioners are not aware of the importance of EF for learning (Gilmore &
Cragg, 2014).
Executive Function and Mathematics Problem Solving
Solving mathematics word problems is a complex undertaking. Pólya (1957) suggested
four steps involved with mathematical problem solving: understanding the problem, devising a
plan, carrying out the plan, and looking back. To effectively solve mathematics word problems,
learners must decode information presented linguistically and apply mathematics concepts,
create representations, identify and use appropriate operations, and retrieve mathematics facts to
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accurately calculate answers (Morin et al., 2017). Each of these steps requires students to utilize
EF skills independently and simultaneously. Since solving word problems requires complex
mathematics cognition, these tasks place heavy demands on students’ cognitive resources (Fuchs
et al., 2020). Therefore, it is possible that EF skills may impact mathematics achievement by
constraining or supporting students’ cognitive “resources available to learn from cognitively
demanding reasoning opportunities” during lessons (p. 280).
Consistent with the Miyake et al. (2000) unity and diversity model, researchers agree that
shifting, updating, and inhibition are closely related, yet separable constructs. While many
researchers investigate relationships between EF skills and mathematics based on single skills
(Gilmore et al., 2015), others favor a latent variable approach since clinical EF tasks rely on
multiple skills that are difficult to disentangle (Bull & Lee, 2014; Miyake et al., 2000; Peng et
al., 2018). Additionally, it is unclear whether EF skills are “prerequisites or cognitive supports
for learning and reasoning about mathematics” (Clements et al., 2016, p. 82). In fact, a reciprocal
relationship may exist between EF and mathematics such that strengthening one may
simultaneously strengthen the other (Merkley et al., 2018; Miller-Cotto & Byrnes, 2020).
Regardless, Protzko (2017) posits that the goal of studies examining cognitive skills and
academic achievement should be to reveal real-world implications. By understanding these
relationships, educators can design instruction and interventions based on students’ specific
cognitive profiles (Astle et al., 2019; Fuhs et al., 2014) to reduce cognitive load (Sweller, 1988,
2012) and support self-regulatory learning strategies.
Updating. Updating is the ability to retrieve and manipulate important information in
working memory (Miyake et al., 2000). Updating may play an important role in the integration
of linguistic and quantitative information required to solve mathematics word problems (Kintsch
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& Greeno, 1985; LeFevre et al., 2010; Peng et al., 2016), because students must “continuously
comprehend, integrate, and update the information read in the word problem” (Peng et al., 2018,
p. 462). As mathematics content becomes more complex and word problem complexity
increases, students rely more heavily on their updating skills. Problem complexity adds extrinsic
cognitive load (Chen et al., 2015). Results of a longitudinal study demonstrated that working
memory in preschool was associated with mathematics performance in third grade but not in first
grade. The authors suggest these differential findings may be due to the increasing demand of
mathematics across elementary grades (Usai et al., 2018). Unfortunately, students facing
mathematics difficulty often do not have effective strategies to manage working memory
demands caused by word problem-solving (Peng et al., 2016).
Working memory is also commonly associated with numerical skills including fact
fluency and procedural fluency (Cragg & Gilmore, 2014; Geary, 2004) which are essential
components involved with problem solving. Difficulty retrieving relevant information inhibits
students’ fluency in mathematics, further undermining problem solving proficiency. Findings
from recent studies indicate that even slight deficiencies in working memory prior to
kindergarten are associated with subsequent difficulty in mathematics (Morgan et al., 2019;
Willoughby et al., 2017). Stolte et al. (2020) found that improving working memory may
improve students’ ability to think creatively about mathematics, which involves important higher
order cognitive processes. Current research focuses on one of two approaches to address
students’ limited working memory capacity: compensating for working memory limitations or
building working memory capacity (Fuchs et al., 2020). Fuchs et al. (2020) suggested future
studies merge these two approaches for addressing students’ working memory limitations.
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Shifting. Shifting, also called flexible thinking, allows an individual to perform a new
task or operation, even “in the face of proactive interference or negative priming” (Miyake et al.,
2000, p. 54). Shifting allows students to engage in efficient problem solving and to identify and
understand connections between mathematics ideas. Usai et al. (2018) found that shifting was
necessary for mathematics tasks that require students to alternate between strategies, like multistep word problems. To retrieve alternate strategies from long term memory, this information
must have been effectively stored. Effective shifting, therefore, relies heavily on students’
existing schemas stored in long term memory (Wittrock, 1974). Though the importance of
shifting is addressed in the literature, this EF skill is examined less frequently than updating.
Inhibition. Inhibition helps individuals to “deliberately inhibit dominant, automatic, or
prepotent responses when necessary” (Miyake et al., 2000, p. 57). Sometimes called inhibitory
control, this EF skill supports learners’ attention and response regulation by helping to ignore
distractions, avoid impulsive responses, and avoid learned or practiced behaviors (Zelazo et al.,
2017). When solving mathematics word problems, inhibition helps students suppress irrelevant
information or ineffective strategies (Passolunghi & Siegel, 2001; Viterbori et al., 2017).
Robinson and Dubé (2013) found that third-, fourth-, and fifth-grade students with adequate
inhibitory control used conceptual heuristics when solving arithmetic problems. The researchers
suggested inhibitory control supported children’s ability to inhibit less efficient procedural and
algorithmic strategies. Gilmore et al. (2015) found that inhibition skills independently predicted
procedural mathematics skills in participants ages 11-14 and suggested that distractions rendered
these individuals unable to successfully complete mathematics tasks.
Executive Function Interventions & Supports
Since EF skills continue to develop throughout life and do not peak until early to mid-
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adulthood (Zelazo et al., 2017), researchers continue to investigate ways to support their
development in educational settings (Diamond & Ling, 2019). The neural circuit that supports
EF is “highly plastic” in childhood and tremendous brain development occurs in response to
experiences (Zelazo, et al., 2017, p. 16). To strengthen EF skills, these skills must be
increasingly challenged and repeatedly practiced (Diamond, 2012; Diamond & Ling, 2016;
Takacs & Kassai, 2019). Schools may provide an ideal context for students to practice and
improve EF skills (Brod et al., 2017), especially for students who are economically
disadvantaged (Finch, 2019).
School-based EF interventions can be classified as direct or indirect. Direct training often
focuses on one of the three EF skills and relies on multiple opportunities to practice using the
skill, whereas indirect training supports overall EF using strategy training techniques (Benzing et
al., 2019). While the direct training approach is associated with greater improvements following
training on the specific EF skill, fewer transfer effects are seen as a result. In contrast, indirect
training approaches often lead to insignificant effects on the EF skills, but substantial gains on
measures of transfer (Diamond & Ling, 2019). Diamond (2012) proposed a model of direct and
indirect routes that a program or intervention takes to improve EF (see Appendix C). Empirical
evidence suggests some computer-based training programs, certain school curricula, and
mindfulness practices can improve EF, with some evidence of transfer to academic outcomes
(Diamond, 2012; Diamond & Ling, 2016, 2019; Takacs & Kassai, 2019). Results from studies
including computer programs and school curricula are briefly discussed in the sections that
follow.
Direct Training: Computer Programs. Computerized software-based gaming
interventions are gaining popularity in schools as a direct way to train EF. From a study with
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upper elementary and secondary students, Benzing et al. (2019) found that a gamified group
intervention, Jungle Memory, significantly improved 10 through 12-year-olds’ updating and
shifting skills. These findings support Clements et al. (2016) suggestion that computer games
and direct training may improve students’ EF skills. Nelwan et al. (2018) suggested the
effectiveness of Jungle Memory was impacted by the level and regularity of feedback provided
to participants (Nelwan et al., 2018). Diamond and Ling (2019) criticized computerized
approaches however, suggesting that “training decontextualized skills, isolated from their use in
a real-world activity” is unlikely to produce positive impact on EF (p. 504). Instead, the authors
suggested that training real-world activities will be more effective at supporting EF than training
isolated skills (Diamond & Ling, 2019).
Holmes and Gathercole (2014) conducted a study in England in an attempt to replicate
positive results in a school setting of a working memory clinical study. The study investigated
the impact of Cogmed, a computerized program that provides an intensive level of training on
working memory. Findings suggest significant and positive improvements in trained and
untrained working memory tasks for participants eight to eleven years old (Holmes &
Gathercole, 2014). To examine the transfer effect, the authors conducted a second trail and found
that these improvements transferred to improvements on national curriculum assessments in
mathematics and English. The researchers posit these findings provide support for cognitive
training as a school-based intervention (Holmes & Gathercole, 2014). Still, a criticism of the
Cogmed curriculum is that the difficulty of tasks does not increase, and students become bored
(Diamond, 2012). Diamond and Ling (2016) assert that noncomputerized interventions are most
effective at improving EF skills.
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Indirect Training: School Curricula. It may be possible to successfully integrate
cognitive interventions into the curriculum (Wright et al., 2019). Various school curricula
proport to support the development of EF through an indirect training approach. Promoting
Alternative Thinking Strategies (PATHS) (Riggs et al., 2015), the Chicago Readiness Project
(CSRP) (Raver et al., 2011), and Tools of the Mind (Tools) (Diamond & Lee, 2012) are three
examples of school curricula that target EF skills. While each curriculum took a slightly different
indirect route to training EF skills, each was found to yield some positive benefits to EF
(Diamond & Ling, 2019). Following a systematic review of 179 studies aimed at improving EF,
Diamond and Ling (2019) asserted that high-quality school programs were second to
mindfulness practices as the most efficacious approach to improving EF. Of the 13 school
curricula reviewed, Diamond and Ling (2019) found that 54% reported at least suggestive
evidence of EF benefit. Positive results from school curricula and mindfulness practices
surpassed those of direct cognitive training approaches (Diamond & Ling, 2016, 2019).
Gaps in the Knowledge Base. Despite the increasingly diverse empirical support for EF
training, gaps in the literature leave critical questions unanswered (Diamond & Ling, 2019;
Takacs & Kassai, 2019). More work is needed to further understand the potential for training EF
in support of academic outcomes. Since EF skills develop rapidly during childhood, elementary
educators can provide experiences that foster their development (Clements et al., 2016). While
researchers suggest there is potential to train EF in schools, few approaches product consistent,
practically significant outcomes (Clements et al., 2016). It is important that educators understand
how to apply empirical evidence to foster EF development and support students’ learning
(Zelazo et al., 2017). Additional work is needed to investigate the transfer of EF gains to specific
academic tasks and more studies are needed that include participants in upper elementary school.
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First, interventions that target EF skills sometimes do not yield the expected positive
outcomes in academic domains. Discrepancy exists in the literature regarding generalization of
EF intervention effects to mathematics (Cragg et al., 2017; Strobach & Karbach, 2016). Two
metanalyses suggest positive results from EF interventions may be short-term and may not
transfer to academic achievement (Melby-Lervåg & Hulme, 2013; Rapport et al., 2013). Takacs
and Kassai (2019) reported that curricula aimed at fostering EF skills had a marginally
significant effect on children’s EF skills and that participant demonstrated no gains on follow-up
assessments. Intervention literature is scant regarding the transfer of EF interventions to
mathematics achievement (Jacob & Parkinson, 2015), though researchers acknowledge that this
line of research has potential to produce meaningful findings for classroom teachers (Benzing et
al., 2019).
Additional research is needed to examine the potential to strengthen EF with upper
elementary school students. Most studies aimed at training EF are conducted in pre-kindergarten
and early primary grades (Benzing et al., 2019; Blair & Raver, 2014; Dias & Seabra, 2017;
López et al., 2017; Zelazo et al., 2017). This emphasis may be the result of extensive research on
school readiness (Zelazo et al., 2017). In a small group intervention study with preschoolers and
kindergarteners, interventions improved all EF skills (Röthlisberger, et al., 2012). One program,
Tools of the Mind, proports to provide pre-k and kindergarten teachers with professional
development and instructional strategies to support students’ cognitive development. In a cluster
randomized controlled trail, positive effects on EF skills were observed through participants’
reasoning skills, attention control, level of salivary cortisol, and alpha amylase (Blair & Raver,
2014). Positive results transferred to reading, vocabulary, and mathematics after kindergarten
and continuing into first grade (Blair & Raver, 2014).
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Many researchers agree that early intervention is ideal (Davidse et al., 2015; Dias &
Seabra, 2017; Ribner et al., 2017), yet EF deficiencies often persist into adolescence and
adulthood. Few studies have examined the impact of EF interventions with upper elementary and
secondary students (Baggetta & Alexander, 2016; Zelazo et al., 2017), though this is a critical
time in students’ brain development (Giedd, 2008). Chen et al. (2015) suggested that EF capacity
may be increasingly important for academic success in upper grades due to increased content and
task complexity. Although early childhood curricula yield positive gains in participants’ EF
skills (Diamond, 2012), these programs are designed for students in preschool and kindergarten.
While Nelwan and Kroesbergen (2016) suggested there may be an optimal time in early
childhood to train EF, Benzing et al. (2019) demonstrated that a small group cognitive training
improved 10-to 12-year-old participants’ EF. Unfortunately, few programs have been suggested
to produce EF benefits in participants after age nine (Diamond, 2012). It is important to further
understand the potential for interventions with older students experiencing persistent EF deficits.
Considering Mindfulness Approaches
One way to support EF development and self-regulation with children is through
mindfulness practices (Zelazo & Lyons, 2012). Kabat-Zinn (2003) defined mindfulness as “the
awareness that emerges through paying attention on purpose, in the present moment, and
nonjudgmentally to the unfolding of experience moment by moment” (p. 145). Since both
mindful awareness and EF have a “unique role in the human capacity for higher-order cognitiveprocessing, there is scientific and practical utility in examining the interrelationship between
these cognitive constructs” (Riggs et al., 2015, p. 2745). Mindfulness practices support the
development of EF skills by training and practicing inhibition of both internal and external
distractions and intentional shifting of attention (Gallant, 2016). While Dunning et al. (2019)
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suggested that enthusiasm for mindfulness practices has moved beyond the evidence base,
studies increasingly suggest the practical utility for mindfulness practices in schools (Bakosh et
al., 2018; Caballero et al., 2019; Kang et al., 2018; Klingbeil et al., 2017). Supporting elementary
students’ mindfulness is an avenue through which educators can support EF and academic
outcomes.
Mindfulness and Executive Function
Researchers have demonstrated the benefits of mindfulness practices for training EF
using cognitive assessment batteries, computerized assessments, and rating scales (Flook et al.,
2010; Ritter & Alvarez, 2020; Zenner et al., 2014; Zoogman et al., 2015). Following a systematic
review of the literature, Diamond and Ling (2019) asserted that every study including
mindfulness practices with movement found clear or suggestive evidence of EF benefit. In
addition, children who participated in a mindful movement activity improved on 82% of the 11
EF outcome measures used. Results from studies that used sedentary mindfulness practices were
slightly less positive, yet still promising. Of the 22 studies that included relatively sedentary
mindfulness, 38% of the 84 EF measures improved (Diamond & Ling, 2019). Mindfulness may
enhance cognitive, social-emotional, and academic development for children in elementary
school (Flook et al., 2010). Flook et al. (2010) suggested this may be particularly true with
children exhibiting EF difficulties. Mindfulness has been linked to updating, shifting, and
inhibition, as well as a latent variable EF.
Researchers investigating mindfulness with children and adolescents suggest that
mindfulness positively impacts updating working memory. A mindfulness meditation
intervention had a significantly improved working memory in adolescents aged 12 to 17 in a
randomized control trial. In this study, working memory capacity was measured using a
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computerized assessment, the Automated Operation Span Task (AOSPAN). The mindful
meditation group was compared to a group receiving yoga and a waitlist control group.
Participants in the mindful meditation group participated in meditation sessions over 4 weeks
and were encouraged to use these techniques on their own (Quach et al., 2016). Similarly, Riggs
et al. (2015) found that mindfulness awareness was positively associated with working memory
and inhibitory control in adolescents. Though no significant associations between shifting and
dispositional mindfulness were found in this study, the authors suggest that “bivariate correlation
between the two was due to shared variance” between all three EF constructs (working memory,
shifting, and inhibitory control) (Riggs et al., 2015, p. 2749).
Shifting is closely related to mindfulness because it requires individuals to dedicate their
full attention to awareness of the present moment which requires switching attention between
multiple distractors and relevant information (Brown & Ryan, 2003; Holas & Jankowski, 2013).
Findings from a study including 35 adult participants, 14 of which were experienced in
mindfulness practices and 21 individuals with no mindfulness experience, suggest that
mindfulness practice reduces cognitive rigidity by allowing individuals to ignore rigid or
repetitive solutions based on prior experiences (Greenberg et al., 2012). Participants in the
experienced mediation group had a mean age of 37.29 and the control group had a mean age of
31.24. Greenberg et al. (2012) suggested that mindfulness practices may support students in
avoiding the Einstellung effect, which is an individual’s “predisposition to solve a given problem
in a specific manner even though better or more appropriate methods of solving the problem
exist” (Obasi, 2020, p. 20).
Oberle et al. (2012) found that mindfulness was associated with inhibition in elementaryaged participants. In a study that included 99 participants in fourth and fifth grades, a mindful

49
attention awareness measure predicted greater accuracy on an inhibitory control measure, even
when controlling for grade, gender, and cortisol levels (Oberle et al., 2012). The researchers
asserted that mindfulness is significantly related to inhibition for participants in early
adolescence. Based on findings from a review of related literature, Diamond and Ling (2019)
assert that mindfulness practices may provide more support for interference control, attention
related inhibition, and for selective attention, than for action related inhibition, or response
inhibition.
While mindfulness was uniquely associated with updating (working memory), shifting,
and inhibition, Geronimi et al. (2020) found that it was also related to a latent EF variable in 88
parent-child dyads that included children with a mean age of 9.80. Geronimi et al. (2020)
asserted that these findings are evidence that results of previous studies with adults and
adolescents (Galla at et al., 2016; Riggs et al., 2015) can be extended to younger participants.
Riggs et al. (2015) cautioned that assuming sameness among EF skills and their relationship with
mindfulness is unwise. Riggs et al. (2015) warns that although dispositional mindfulness and
specific EF skills are highly correlated, they should not be misinterpreted as the same because
each may be associated in complex ways with emotional, behavioral, academic, and health
outcomes.
While mindfulness interventions consistently demonstrate positive impact on EF
measures, it is possible that some of the benefit is derived from the reduction of stress (Gallant,
2016). Diamond and Ling (2016) posit that since stress, loneliness, sadness, and poor health
impair EFs (Arnsten, 1998) and positive environments support EFs, attempts to strengthen EF
will be most successful when they indirectly support the development of EF by reducing
conditions known to impair them. Mindfulness programs have demonstrated a wide range of

50
benefits in children including improved emotional well-being and self-compassion (Kang et al.,
2018). Mindfulness may increase resilience to stress (Zenner et al., 2014) and may significantly
impact decrease depression, anxiety, and stress (Dunning et al., 2019). Semple et al. (2010)
found mindfulness-based cognitive therapy for children (MBCT-C) reduced attention problems,
significantly reduced anxiety symptoms, and reduced behavior problems with participants ages 9
to 13. Regarding mathematics achievement, it is possible that mindfulness practices improve
cognitive functioning by reducing students’ mathematics anxiety, a factor known to inhibit
performance (LaGue et al., 2019; Maloney et al., 2014).
Promoting Self-Regulatory Strategies
Barkley (2012) suggested an extended prototype view of EF in which difficulties for
individuals with EF deficits result from not using what they know at critical points in their
everyday lives rather than from not knowing what to do. Conceptualizing EF in this way has
implications for attempts to strengthen, or support, it. To be effective, Barkley (2012) suggested
that attempts to improve EF should assist individuals in the moment and should occur in natural
environments. The most successful EF interventions may be those that train EF in context
(Barkley, 2012; Clements et al., 2016; Strobach & Karbach, 2016). Unlike cognitive training
approaches, mindfulness practices provide children with self-regulation strategies which are
suggested to have significant moderate effects on students’ shifting and inhibition (Felver et al.,
2017; Takacs & Kassai, 2019).
It is possible that students can learn self-regulatory strategies to support cognitive
functions associated with EF skills. Takacs and Kassai (2019) conducted a metanalysis and
suggested that teaching children strategies for effective self-regulation is a highly effective and
underrated approach. Diamond and Ling (2016) suggested strategy training, like that of
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mindfulness practices, may yield more conservative intervention effects, but improved transfer
effects. Schonert-Reichl et al. (2015) assessed the impact of MindUP (Scholastic, 2011), a
classroom based SEL program that promotes mindfulness practices to support cognitive capacity
and stress regulation, with fourth- and fifth-grade students. Findings demonstrate that combining
mindfulness training with practice in “optimism, gratitude, perspective-taking, and kindness to
others can not only improve EF skills but also lead to significant increases in social and
emotional competence” which supports students in the classroom setting (Schonert-Reichl et al.,
2015, p. 63).
Mindfulness and Academic Performance
Unsurprisingly, researchers are increasingly investigating the relationship between
students’ mindfulness and academic performance. While few studies to date have investigated
the impact of mindfulness on academic achievement, there is some evidence to suggest that
higher levels of mindfulness, as measured by the Mindful Attention Awareness Scale (MAAS),
were significantly correlated with higher grade point average, higher standardized mathematics
and literacy scores, greater improvements in yearly academic performance, higher attendance
rates, and fewer suspensions (Caballero et al., 2019).
Researchers are just beginning to examine the potential for mindfulness interventions to
improve students’ academic outcomes. Following a 2017 meta-analysis, Maynard et al.
suggested mindfulness practices had a small, yet statistically significant impact on cognitive and
social-emotional measures, but that behavior and academic outcomes were not impacted
(Maynard et al., 2017). In contrast, Bakosh et al. (2018) found that mathematics scores, social
studies scores, and overall grade point average improved for some elementary students receiving
an audio-guided mindfulness training intervention, though confidence intervals were wide and
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pre-existing variability resulted in low effect sizes and few significant differences between
groups. To better understand the relationship between mindfulness-based intervention (MBI) and
academic performance, more work is needed (Bakosh et al., 2018; Caballero et al., 2019;
Klingbeil et al., 2017).
Future Directions for Mindfulness
Mindfulness-based SEL programs (MBSEL) are a subtype of SEL programs (Bakosh et
al., 2016; Klingbeil et al., 2017; Lawlor, 2016) that are available for use in schools as a low-cost
option for large groups, in classroom settings (Takacs & Kassai, 2019). Increased mindfulness
may boost students’ academic achievement by increasing attention control (Caballero et al.,
2019; Quach et al., 2016) and all students can benefit in some way from increased mindfulness
(Klingbeil et al., 2017). While Klingbeil et al. (2017) caution practitioners against using MBIs
without appropriate theoretical and empirical support, they suggest MBIs are most appropriate
for groups of students as a “population-based approach for facilitating a broad range of valued
youth outcomes” (p. 99).
Mindfulness programs emphasize the use of strategies appropriate for students’ age to
support reflection on their experiences in real-life moments. Zelazo and Lyons (2012) posited
these strategies “support the development of self-regulation by targeting top-down processes
while lessening bottom-up influences (such as anxiety, stress, curiosity) to create conditions
conducive to reflection, both during problem solving and in more playful, exploratory ways” (p.
154). Researchers interested in improving students’ mathematics achievement should consider
the benefit of mindfulness practices to support developing EF skills and self-regulation in
childhood (Schonert-Reichl et al., 2015; Zelazo & Lyons, 2012). More studies with rigorous
experimental designs are needed to understand the potential for mindfulness with elementary
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students (Mak et al., 2018). Further, studies that standardize the MBIs are an important next step
(Mak et al., 2018).
Summary
Complex mathematics tasks, like mathematics word problems, impose heavy cognitive
load on learners’ information processing systems. While EF skills support students in managing
these distractions, deficient EF skills may cause problems for some students. Educators should
support students in managing extraneous cognitive load by teaching and modeling strategies that
lead to productive learning outcomes (Weinstein & Mayer, 1986). Since many researchers have
found a strong correlation between mathematics and EF skills, attempts to support the
development and use of EF skills may also lead to improved mathematics achievement (Jacob &
Parkinson, 2015; Nguyen et al., 2019). Though researchers suggest each of the EF skills has
different implications for mathematics performance, all three are crucial for overall success in
mathematics (Bull & Lee, 2014; Cragg & Gilmore, 2014; Fuhs et al., 2014; Ribner, 2020).
Innovative school teams may effectively address cognitive deficits within the MTSS
framework. Stakeholders and educators must consider academics, behavior, and socioemotional
wellbeing, in support of the whole child. In A Nation at Risk, Denning (1983) recommended that
“our goal must be to develop the talents of all to their fullest”. Further, he posited that achieving
such a lofty goal “requires that we expect and assist all students to work to the limits of their
capabilities” (p. 1). To prevent barriers to effective learning, innovative efforts should support
foundational skills for learning. Improving EF may support academic gains and improve
students’ educational opportunities (Lawson et al., 2018; Zelazo et al., 2017).
Tremendous advances have occurred in recent years that have improved our
understanding of EF and its implications for academic achievement. Strengthening EF skills and
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promoting self-regulation in primary grades may support educators in closing achievements gaps
(Blair & Raver, 2014). Since direct training approaches often do not result in long-term
improvements on untrained tasks (Diamond & Ling, 2019), more studies are needed involving
indirect approaches. Dias and Seabra (2017) highlighted the potential for whole class
interventions. Though several approaches to developing EF in schools have shown potential, few
have consistently demonstrated practical significance for use in schools (Clements et al., 2016).
More work is needed before EF research can be meaningfully applied in school settings
(Baggetta & Alexander, 2016).
Researchers should design studies to examine the collective efficacy of interventions that
target all three EF constructs and examine the transfer of benefits to academic domains (Baggetta
& Alexander, 2016; Nguyen et al., 2019). Future research should investigate the impact of
trained EF skills to promote “far transfer”, including such areas as academic achievement
(Zelazo et al., 2017, p.75). Mindfulness practices may support EF and academic achievement
from multiple angles (Diamond & Ling, 2019; Gallant, 2016). Mindfulness is an area that merits
further investigation (Diamond & Ling, 2019). Since synaptic production occurs in the prefrontal
cortex during late childhood years, this may be an opportune time to develop EF skills (Giedd,
2008). Delivering school-based interventions aimed at supporting the development of EF and
self-regulatory strategies to students in upper elementary school may improve academic
performance across content areas.
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CHAPTER THREE: METHODS
Overview
The purpose of this quantitative, quasi-experimental pretest-posttest, nonequivalent
control-group design was to determine if there was a statistically significant difference in the
TOMA-3 Word Problems subtest scores between 74 third- and fourth-grade students who
received a supplemental mindfulness curriculum and 77 who did not. Chapter Three provides a
description of the research design, research question, and null hypothesis. Participants, setting,
and instrumentation are also described. Chapter Three concludes with a description of the
procedures for collecting and analyzing the data.
Design
A quantitative, quasi-experimental, pretest-posttest, nonequivalent control-group design
was used for this study. Researchers use a quasi-experimental design to determine the effect of
the independent variable on the dependent variable; however, and unlike true experimental
research, they do not assign participants to random groups, nor do they manipulate the independent
variable (Gall et al., 2007). The pretest-posttest control group is used to determine any preexisting
differences between the groups (Gall et al., 2007). A pretest-posttest control-group design
controls for the following eight threats to internal validity: history, maturation, testing,
instrumentation, statistical regression, differential selection, experimental mortality, and
selection-maturation interaction (Campbell & Stanley, 1963; Gall et al., 2007).
The independent variable for this study was group membership. The covariate was
students’ pretest scores on the TOMA-3, and the dependent variable was students’ posttest scores
on the TOMA-3 Word Problems subtest. The independent variable was categorical as it had two
groups: control group and treatment group. Students in the control group received the schools’
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standard core instruction while students in the treatment group received the MindUP mindfulness
curriculum as part of their core instruction. The assessment required proficient computation,
understanding of expository test structure(s) within the problem, knowledge of at least one
effective solution strategy, understanding of mathematics vocabulary, and the ability to
effectively identify relevant information (Brown et al., 2013).
Research Question
RQ: Is there a difference in the word problem-solving adjusted posttest mathematics
scores of third- and fourth-grade students between those who participate in a supplemental
mindfulness curriculum and those who do not while controlling for pretest mathematics scores?
Null Hypothesis
H01: There is no significant difference between the word problem-solving adjusted
posttest scores of third- and fourth-grade participants who received a supplemental mindfulness
curriculum and those who did not.
Participants and Setting
Target Population
The target population for this study was third- and fourth-grade students from two
elementary schools in Western North Carolina who received mathematics instruction in the
general education classroom. Both schools in this study, herein referred to as School A and
School B, serve pre-kindergarten through fifth-grade students and are part of a school district in
the rural western part of the Piedmont region of North Carolina. The school district is in a large
suburban locale and has a total of 37 schools (National Center for Education Statistics [NCES],
2020).
School A serves 525 students, 341 of whom are eligible for free or reduced lunch (NCES,
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2020). Because more than 40% of its student population is eligible for free or reduced lunch.
School A has a Title 1 designation. School B serves 232 students, 125 of whom are eligible for
free or reduced lunch. School B also has a Title 1 designation as more than 40% of its student
population is eligible for free or reduced lunch. The racial demographics for the schools are as
follows: School A: (a) Caucasian = 66.9%, (b) African American = 16.0%, (c) Hispanic = 9.0%,
(d) Multiracial = 5.9%, and (e) Asian or Pacific Islander = 1.9%; School B: (a) Caucasian =
78.0%, (b) Hispanic = 17.6%, (d) Multiracial = 2.2%, and (e) Asian = 2.2% (NCES, 2020). The
gender breakdown for the schools are as follows: School A: males = 55.8%, females = 44.2%;
School B: males: 52.6%, females = 47.4% (NCES, 2020).
Sample
I collected a convenience sample of third- and fourth-grade students who attended two
elementary schools during the 2020-21 school year. Both elementary schools were part of a large
public school district in the Piedmont region of North Carolina. All participants who were
included in this study received a combination of discovery-based mathematics instruction and
explicit instruction in mathematics. Support for mathematics instruction included only that which
was provided by the school district and by the school. All subgroups of students, including those
receiving services under IDEA, students with 504 plans, students receiving school-based support
across all levels of the MTSS framework, and English language learners were included in the
sample.
Groups were formed through non-random assignment based on participants’ naturally
occurring classroom membership and teachers’ assignment to either a treatment group or a
control group. The principal at each school selected the treatment group teachers. Seven teachers
were assigned to the treatment condition and five teachers were assigned to the control condition.

58
Prior to the start of the study, one treatment group teacher dropped out of the study for personal
reasons unrelated to the study. The final sample size for this study was N = 151, which exceeded
the required minimum when assuming a medium effect size. According to Olejnik (1984), 63
students per group is the required minimum assuming a medium effect size with statistical power
of .7 at .05 alpha level. For demographic information from each group, see Table 1.
Control Group
The control group was originally composed of 91 participants. Of these, two were
eliminated because parents opted them out of participation, two moved to a different school,
eight had missing data from either the pretest or the posttest, one was eliminated for refusing to
take the posttest, and one was eliminated due to medical concerns during testing. Of the original
sample, 77 participants were included in data analysis for the control group (41.6% third-grade
and 58.4% fourth-grade).
Treatment Group
The treatment group was originally composed of 99 participants. Of these, two were
eliminated because parents opted them out of participation, two were eliminated because they
missed five or more MindUP lessons, and two had missing data from either the pretest or the
posttest. One treatment class that included 18 participants was eliminated because fidelity of
MindUP implementation was compromised based on teacher reports, observations, and the
MindUP lesson log. One data set was eliminated from the treatment group prior to data analysis
because it was an outlier. Of the original sample, 74 participants were included in data analysis
for the treatment group (41.9% third-grade and 58.1% fourth-grade).
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Table 1
Demographics of Participants by Group
Group Membership

Control Group

Treatment Group

n

%

n

%

77

50.9

74

49.1

Male

44

57.1

39

52.7

Female

33

42.9

35

47.3

Caucasian

55

71.4

59

79.7

Black

4

5.2

5

6.8

Hispanic

11

14.3

9

12.2

Multiracial

5

6.5

0

0.0

Asian

2

2.6

1

1.4

Third

32

41.6

31

41.9

Fourth

45

58.4

43

58.1

School A

46

59.7

40

54.1

School B

31

40.3

34

45.9

Total Participants
Gender

Ethnicity

Grade

School

Instrumentation
The pretest and posttest instrument used to assess students’ mathematics word problemsolving skills was the TOMA-3 Word Problems subtest. The purpose of the Word Problems
subtest is to assess students’ ability to solve difficult word problems, identify students whose
mathematical aptitude lags that of their same-age peers, determine the extent of mathematical
difficulties students encounter, and increase the body of knowledge regarding mathematical
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difficulties in students (Brown et al., 2013). The Test of Mathematical Abilities (TOMA) was
first published in 1984 (Brown & McEntire, 1984) because there was a need for a comprehensive
measure of students’ mathematical abilities with strong psychometric characteristics (Brown et
al., 2013). Virginia Brown and colleagues developed updated editions of the TOMA-3 in 1994
and in 2013 (Brown et al., 1994, 2013). Each edition of the TOMA-3 was a result of critical
reviews of previous editions (Brown et al., 2013).
Brown et al. (2013) developed the TOMA-3 Word Problems subtest to measure students’
ability to solve a set of increasingly difficult word problems. The authors stated that word
problems serve as the “instructional frameworks for teaching the flexible use of alternative
problem-solving strategies” (p. 31). To solve a word problem, students must have proficient
computation skills, understand the structure of the problem, know at least one problem-solving
strategy, understand mathematics vocabulary, and identify relevant information (Brown et al.,
2013). Regarding construct identification validity, correlations among individual subtests of the
TOMA-3 were high enough to suggest that they measured aspects of overall mathematics ability
and small enough to suggest that they measured unique skills (Brown et al., 2013).
A review of the related literature revealed that prior researchers used the TOMA-3
subtests to investigate the mathematics performance of students with similar demographics to the
students included in this study. Swanson et al. (2013) used the TOMA-3 Story Problem subtest
as a norm-referenced measure to assess the word problem-solving abilities of third-grade
students. Cox and Root (2020) used the TOMA-3 Word Problems subtest and the Computation
subtest to identify discrepant mathematics abilities of middle school students.
The TOMA-3 Word Problems subtest is one of four subtests included in the normreferenced battery school personnel use to assess mathematics proficiency among students ages
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eight to 18 (Brown et al., 2013). Because students’ word problem-solving skills were the focus of
this study, the TOMA-3 Word Problems subtest was the only instrument used for this study. The
assessment kit for the TOMA-3 Word Problems subtest included an examiner manual, student
booklets, and record forms. During administration, the examiner read the instructions for the
Word Problems subtest aloud to a group of students and modeled a sample item. No script was
provided for sample problems (Brown et al., 2013; Sevecke, 2014). Since the assessment was
administered in a group setting, students worked independently on the Word Problems subtest in
20-minute increments. If students provide three incorrect responses, the examiner should end the
testing session. If this ceiling was not met in the first session, test administration should be
paused and should resume later (Brown et al., 2013; Sevecke, 2014). All participants in this
study completed the pretest in one or two 20-minute sessions.
TOMA-3 has strong internal consistency among various groups of students. The testretest reliability for the TOMA-3 Word Problems subtest is .80 at a span of 14 days (Sevecke,
2014), which is similar to the corrected coefficient .83 reported by the test developer (Brown et
al., 2013). Compared to the Comprehensive Mathematical Abilities Test (Hresko et al., 2003) and
the Iowa Algebra Aptitude Test – Fifth Edition (Schoen & Ansley, 2005), the criterion predictive
validity correlations were .92 and .83 respectively (Sevecke, 2014). The sensitivity correlation
for the TOMA-3 Word Problems subtest is .95 while specificity in disability classification has a
correlation of .79 (Sevecke, 2014). With Cronbach’s alpha scores of .86 for eight-year-old
participants and .83 for nine-year-old participants and a standardized error measurements of 1,
the TOMA-3 Word Problems subtest has strong reliability 1(Brown et al., 2013). The coefficient
alphas for 9 out of 10 selected subgroups meet or exceed .90, with mathematical learning
disability (.88) being the only subgroup to not meet the .90 criterion (Brown et al., 2013).
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Procedures
Informal permission to conduct this study was obtained from school principals and
district leaders in the summer prior to the 2020-2021 school year. The proposed study was
presented to the school district’s executive director of elementary education, the elementary
director of curriculum and support, and school principals during the Fall of 2020. Approval was
obtained from Liberty University’s Institutional Review Board (IRB) (see Appendix E) in early
December. Upon receiving IRB approval, the school district’s director of elementary education
presented the study to the school board. After receiving permission from the board of education,
the director of elementary education signed the school district consent form (see Appendix F).
For logistical reasons concerning training and implementation fidelity, half of the thirdand fourth-grade teachers treatment teachers. The treatment teachers administered the MindUP
curriculum. The school principals chose the teachers who participated in the MindUP
curriculum. Six treatment teachers received virtual training in the MindUP curriculum in
November of 2020. The school principal, school counselor, and instructional facilitator from
each school received virtual training on the MindUP curriculum. I attended each of these
meetings along with these school-based teams. Control group teachers were unaware of the
content of the MindUP curriculum training. The virtual training occurred at each school, with
teachers gathering in groups in one classroom or staying in their classroom by themselves. One
teacher was unable to be on campus on the day of the initial training and joined virtually from
home.
The initial training was a 90-minute session facilitated by a representative from MindUP.
The first half of this session included an introduction to brain research on cognitive skills and
social emotional well-being. The second half of the initial 90-minute session included an
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overview of the MindUP curriculum and lesson structure. Teachers were introduced to
MindUP’s core practice, a deep breathing exercise, suggested to help students “quiet their minds
and get ready to learn” (Scholastic, 2011, p. 42). Following the initial training, teachers and
school counselors completed a survey wherein they indicated their comfort level with MindUP
implementation and their needs regarding further training. All participants indicated that they felt
prepared to implement the MindUP curriculum. After MindUP implementation had begun,
teachers participated in a second training in late February. Teachers and school counselors were
encouraged to bring any questions or concerns to the second training and the MindUP trainer
supported teams by facilitating any required problem-solving discussions. Regular
communication with the instructional facilitators and school counselors was maintained to ensure
ongoing support was provided for implementation.
Prior to data collection and MindUP implementation, parents of all third- and fourthgrade students from both schools could opt their children out of data collection for this study by
completing an opt-out form (see Appendix G). Two children who were part of the control group
and two children who were part of the treatment group were opted out by their parents or legal
guardians. Jelsma et al. (2012) noted that opt-out may be most appropriate when conducting
research with minors because otherwise, research findings may not adequately represent children
living in marginalized groups who may desperately need effective intervention.
Prior to administering the pretest to students, permission to use the instrument was
obtained from the developers of TOMA-3 (see Appendix H). Students with accommodations for
mathematics assessments received their accommodations for the pretest and posttest assessment.
They received either one or a combination of the following testing accommodations: small-group
setting, separate setting, read-aloud instructions/test items, one-on-one setting. Either a teacher’s
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assistant or an administrator at the school administered TOMA-3 to students who received
accommodations. Table 2 includes the number of students who received accommodations and
Table 3 includes the number of students receiving read-aloud accommodation from each group.
To ensure fidelity in implementation, teachers, administrators, and teacher’s assistants
watched an instructional video that provided detailed directions regarding administration
procedures. After watching the video, all assessment administrators completed a five-question
Google form survey. The survey included multiple-choice questions to ensure assessment
administrators knew which subtest to administer, the length of time students needed for each
section of the assessment, and where students should record their responses to assessment items.
One true or false question required administrators to indicate if they gave students an appropriate
break between testing sessions. One open-ended question required administrators to indicate that
they understood the expectation for students receiving mathematics accommodations. Each of
the 16 respondents answered all questions correctly, thereby indicating they watched the
instructional video and understood administration expectations.
Table 2
Total Participants Receiving Test Accommodations
Accommodations

School A

School B

Third Grade

Fourth Grade

Third Grade

Fourth Grade

Read-Aloud

7

9

2

8

Separate Setting

0

0

3

1
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Table 3
Read-Aloud Accommodations by Group Membership
School A

School B

Third Grade

Fourth Grade

Third Grade

Fourth Grade

Treatment Group

2

4

1

4

Control Group

4

6

1

4

Students took the TOMA-3 Word Problems subtest in January of 2021. Classroom
teachers administered the subtest to students in their classrooms unless the students had testing
accommodations. Teachers at both schools administered the pretest on the second Monday of
January. Students who needed additional sessions to complete their subtest could complete it
later the same school day. The instructional facilitator at each school administered a makeup
assessment to students who were absent on the second Monday of January.
During assessment administration, students recorded answers directly in the student
response booklet. Teachers administered the TOMA-3 Word Problems subtest. Students could
not use a calculator on the subtest, and they had to show their work in the blank space beneath
each problem. Upon completing a problem, students had to circle their answer. In accordance
with assessment administration instructions set forth by Brown et al. (2013), students had 20
minutes to complete the TOMA-3 subtest, and any student who either did not complete the
subtest or had not reached a ceiling could complete the remaining items on the subtest later
during the same day or the following day.
When all assessments had been completed, assessment materials were collected from
each school and students’ pretest and posttest subtests were scored. I used the answer key and
conversion charts in the TOMA-3 examination manual when scoring the subtests and converted

66
students’ raw scores to scaled scores for comparison. Each of the 30 items on the TOMA-3 Word
Problems subtest was scored as either one or zero, and the raw subtest score represented the
number of problems that the student answered correctly to the ceiling (Brown et al., 2013). Raw
scores ranged from 0 to 30 for the TOMA-3 Word Problems subtest. Students reached their
ceiling when they had three consecutive incorrect items.
MindUP is a “comprehensive, classroom-tested, evidence-based curriculum” aimed at
fostering social and emotional awareness, enhancing psychological well-being, and promoting
students’ success in academics (Scholastic, 2011, p. 6). MindUP includes 15 lessons (see
Appendix I) and is appropriate for flexible implementation. The curriculum is organized in four
units including Getting Focused, Sharpening Your Senses, It’s All About Attitude, and Taking
Action Mindfully, with three to six lessons in each unit.
A guidance counselor at each school delivered MindUP lessons to the treatment group.
Prior to implementation, the classroom teacher and guidance counselor determined the dates and
times for the lesson delivery and then reported those dates and times the researcher. To support
implementation fidelity, I set recurring Google calendar reminders of meeting times and had
guidance counselors record dates of lesson delivery to treatment groups on a checklist (see
Appendix J). Each guidance counselor also had a spreadsheet that listed the students in each
treatment class. The school counselor and the classroom teacher recorded the attendance for each
of the MindUP lessons. Students who missed five or more lessons were not included in data
analysis.
To support students in application of the content of the weekly lessons, treatment teachers
delivered at least one of the four curriculum connection activities to their classes each week. The
teacher teams chose the activities during their initial training. In addition to weekly curriculum
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connection activities, the treatment classes participated in the MindUP core practice, deepbreathing exercise, at least three times each day. Teachers determined the times they
implemented the deep-breathing exercise, and they later reported those times to the guidance
counselor. Weekly emails were sent to all treatment teachers and the school counselor. These
emails reviewed highlights of the weekly lesson and provided reminders from the initial training.
I observed one MindUP lesson in each of the treatment group classrooms over the
implementation period and one morning meeting session in each of the control group classrooms
at least one time during the 15-week period. Observation notes were recorded using a Google
form. The observation form included the name of the classroom teacher, school name, counselor
name, lesson date, the number of students in the class, and items pertaining to students’
engagement and understanding of the lesson. In addition, I included a checklist of MindUP
lesson components on the observation form for both treatment group and control group
observations.
A final section of the observation form included a teacher survey in which teachers were
asked about the frequency of use of the MindUP core practice, mindful breathing, the frequency
of use of the Curriculum Connections activity, number of lessons missed, and overall student
engagement in the MindUP curriculum. See Appendix K for the treatment group observation
protocol and teacher questions. Whenever possible, observations of the control group classes
were conducted during the class morning meeting time. The primary purpose of these
observations was to determine if components of the MindUP lessons were observed in the
control group classrooms. See Appendix L for the complete observation protocol used in control
group classrooms.
The final MindUP lessons were delivered during the first week of May 2021. After the
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final MindUP lesson, students in the treatment and control groups took the TOMA-3 Word
Problems subtest. The first posttest administration took place at both schools on a Wednesday
morning. Students who needed additional sessions to complete their subtest could complete it
later the next school day. See Appendix M for a detailed timeline of study procedures.
Data Analysis
Since I compared the group means on the dependent variable (posttest mathematics word
problem performance), as measured by the TOMA-3 Word Problems subtest, an analysis of
covariance (ANCOVA) was performed. ANCOVA is appropriate when treatment groups receive
specific levels of an independent variable and pre-intervention quantitative scores of one or more
participant characteristics are available (Warner, 2013). Because a covariate pre-intervention
assessment score was available, ANCOVA was appropriate in this study. The independent
variable in this study, group membership, was categorical and had two groups (treatment group
and control group). The dependent variable and covariate, TOMA-3 pretest and posttest scores,
was a continuous variable with a possible raw scores ranging from zero to 30 and scaled scores
ranging from one to 20. The covariate in this study was participants’ pretest score.
Because I could not be certain that participants’ pre-intervention ability was equivalent
across the treatment groups, the ANCOVA was necessary to statistically control for those
differences. Non-equivalence is common in quasi-experimental studies conducted in school
settings, even when random assignment of groups is possible (Warner, 2008). ANCOVA
produces a smaller error term and larger F ratio for assessment of the intended main effect
(Warner, 2008). According to Warner (2013), ANCOVA assesses whether the mean posttest
scores between the treatment and control group differ after statistically controlling for

69
participants’ differing characteristics, such as baseline achievement levels at pretest (Warner,
2013).
For analysis, raw scores were converted to scaled scores using the TOMA-3 examiner’s
manual. Norms for each of the TOMA-3 subtests are presented in terms of the scale score.
Scaled scores for each subtest have a mean of 10 and a standard deviation of three (Brown et al.,
2013). Scaled scores were developed “using a continuous norming procedure”. The process
involves “polynomial regression to fit the progression of mean, standard deviations, skewness,
and kurtosis across age groups from 8-0 (8 years 0 months) through 18-11 (18 years 11 months)”
(Brown et al., 2013, p. 15). Normed values for the age group of participants in this study were
estimated at half-year intervals. Scaled scores are a clear indication of participants’ performance
for the purpose of comparing their performance across similarly normed tests (Brown et al.,
2013).
Prior to statistical analysis, data screening was conducted. I conducted data screening to
ensure all participants had three data points including group membership (treatment or control),
covariate pretest score, and the dependent posttest score. Fourteen incomplete data sets were
omitted because they were missed either the pretest or posttest score. Data were then examined
to identify extreme outliers. I sorted scores to identify any value having +3 or -3 standard
deviations. Extreme outliers were evaluated on a case-by-case basis and one data set was
eliminated.
ANCOVA requires that several assumptions be met, including assumption of normality,
assumption of linearity, assumption of bivariate normal distribution, assumption of homogeneity
of slopes, and assumption of equal variance (Warner, 2013). Assumption of normality was
assessed using Shapiro-Wilk (Warner, 2013). The assumption of linearity and bivariate normal
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distribution were tested using a grouped scatter plot of the dependent variable, posttest scores,
against the covariate, pretest scores, grouped on the independent variable, group membership. A
preliminary Analysis of Variance (ANOVA) was used to test homogeneity of slopes and look for
interactions. Finally, the assumption of equal variance was tested using Levene’s Test of
Equality of Error Variance.
Descriptive statistics for the mean and standard deviation for both groups on the pretest
and posttest and the adjusted marginal means and standard error for the posttest were examined
and are described in detail in Chapter Four. An alpha level of .05 was used and an effect size was
reported using eta squared. Following all data screening and assumption testing, Statistical
Package for the Social Sciences (SPSS) was used to conduct statistical analysis. A one-way
analysis of covariance (ANCOVA) was conducted to test the null hypothesis that no statistically
significant difference existed between the word problem-solving adjusted posttest scores of
participants in the treatment group and participants in the control group.
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CHAPTER FOUR: FINDINGS
Overview
The purpose of this quantitative, quasi-experimental, nonequivalent control group design
study was to determine the effectiveness of a mindfulness curriculum on participants’
mathematics word problem-solving achievement compared to a control group that did not
receive the MindUP curriculum. Chapter Four begins with the research question driving this
study and the corresponding null hypothesis. The remaining sections of Chapter 4 include a
discussion of the descriptive statistics, the findings of the assumption testing, and the results of
the study.
Research Question(s)
RQ: Is there a difference in the word problem-solving adjusted posttest mathematics
scores of third- and fourth-grade students between those who participate in a supplemental
mindfulness curriculum and those who do not while controlling for pretest mathematics scores?
Null Hypothesis
H01: There is no significant difference between the word problem-solving adjusted
posttest scores of third- and fourth-grade participants who received a supplemental mindfulness
curriculum and those who did not.
Descriptive Statistics
Descriptive statistics were obtained on the covariate (pretest score), dependent variable
(posttest score), and the adjusted dependent variable (adjusted posttest score) for each group.
Data obtained for the dependent variable, the covariate, and the adjusted posttest scores,
according to the independent variable, group membership, are in Table 4 and Table 5.
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Table 4
Descriptive Statistics
TOMA-3

Treatment Group

Control Group

n

M

SD

n

M

SD

Pretest Scale Score

74

9.24

3.31

77

9.30

3.50

Posttest Score

74

9.57

3.47

77

10.17

3.15

Table 5
Descriptive Statistics – Adjusted Posttest Score
TOMA-3

Adjusted Post Score

Treatment Group

Control Group

n

M

SE

n

M

SE

74

9.59

.22

77

10.15

.21

Results
Data Screening
Data screening was conducted on each group’s covariate and dependent variable. The
data was sorted on each variable and scanned for inconsistencies. Fourteen data sets with missing
values were eliminated. Missing data were a result of student absences or quarantine related to
Covid-19 (10), refusal to take the posttest (1), participants moving schools during the study (2),
or medical concerns that exempted participants from testing (1). Two additional data sets were
eliminated because treatment group participants missed five or more MindUP lessons. After
removing these data sets, data was sorted by z-scores to identify any data points with greater than
+3 or -3 standard deviations from the sample mean. According to Warner (2013), 99% of data
should fall within this range when scores are “approximately normally distributed” (P. 153). One
data set with a standard deviation of 3.77 was eliminated prior to analysis. After eliminating this
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data set, box and whiskers plots were used to confirm that no additional outliers existed for the
dependent variable and the covariate. No outliers were identified. Figure 1 and Figure 2 include
the box and whisker plots for the covariate and dependent variable.
Figure 1
Box and Whisker Plot for Covariate (Pretest Score)

Figure 2
Box and Whisker Plot for Dependent Variable (Posttest Score)
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Assumption Testing
A one-way analysis of covariance (ANCOVA) was used to test the null hypothesis. The
one-way ANCOVA required that the assumptions of normality, assumptions of linearity and
bivariate normal distribution, assumptions of homogeneity of slopes, and the assumptions
homogeneity of variance were met. I tested each assumption and discussed the results in the
sections below.
Normality was examined using a Shapiro-Wilk test. The dependent variable was
approximately normally distributed for each group of the independent variable; therefore, no
violations of normality were found. Table 6 includes the results of the test of normality.
Table 6
Shapiro-Wilk Test of Normality

Statistic
df
Sig.

Treatment Group

Control Group

.968

.989

74

77

.054

.726

The assumption of linearity and bivariate normal distribution were tested using a grouped scatter
plot of the dependent variable (posttest scores) against the covariate (pretest scores), grouped on
the independent variable (group membership). Lines of best fit were added for additional clarity.
Linearity was met and bivariate normal distribution was tenable because these distributions were
approximately normal in shape (Warner, 2013). Figure 3 includes the grouped scatter plot. The
assumption of homogeneity of slopes was tested by determining if the interaction term between
the covariate and the independent variable was statistically significant. No interaction was found
(p = .106), and the assumption of homogeneity of slope was met. The assumption of
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homogeneity of variance was examined using Levene’s test to ensure the variance of the
residuals was equal for the treatment and control groups. This assumption was tenable (p = .484);
therefore. the assumption of homogeneity of variance was met.
Figure 3
Grouped Scatter Plot

Results of the Null Hypothesis
To answer the RQ, I determined if there was a difference between the word problemsolving adjusted posttest mathematics scores of third- and fourth-grade students who participated
in a supplemental mindfulness curriculum and those who did not while controlling for pretest
mathematics scores. Since it was not possible to randomly assign participants to groups, there
was a possibility that pre-existing difference in mathematics word problem-solving performance
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existed. The covariate was participants’ score on the TOMA-3 Word Problems subtest. The
dependent variable was participants’ score on the TOMA-3 Word Problems posttest.
Following all data screening and assumption testing, SPSS software was used to conduct
statistical analysis. A one-way ANCOVA was conducted to test the null hypothesis that no
statistically significant difference existed between the word problem-solving adjusted posttest
scores of participants who received a supplemental mindfulness curriculum and those who did
not. An alpha level of .05 was used, and effect size was reported using partial eta squared (ηp2)
The one-way ANCOVA revealed insignificant results; therefore, I failed to reject the null
hypothesis. There was not a significant difference between the treatment group (Madj = 9.59, SE
= 0.22) and the control group (Madj = 10.15, SE. = 0.21). Table 7 includes the adjusted and
unadjusted group means for posttest scale score. Since the one-way ANCOVA test revealed
insignificant results, I failed to reject the null hypothesis.
Table 7
Tests of Between-Subjects Effects
Type III SS

df

MS

F

Sig.

ηp2

Corrected Model

1123.73

2

561.86

159.64

.000

.683

Intercept

105.35

1

105.35

29.93

.000

.168

Pretest

1110.08

1

1110.08

315.41

.000

.681

Group

11.70

1

11.70

3.32

.000

.022

Error

520.88

148

3.52

Corrected

1644.61

150

Total

16367.00

151

Source
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CHAPTER FIVE: CONCLUSIONS
Overview
This quantitative, quasi-experimental, pretest posttest, nonequivalent control group
design study examined the impact of a mindfulness curriculum on participants’ mathematics
word problem-solving achievement compared to a control group that did not receive the MindUP
curriculum. Chapter Five includes a summary of the findings of this study and a discussion of the
findings in relation to this study’s theoretical frameworks and recent empirical evidence. Chapter
Five also includes the implications for practice, limitations of this study, and recommendations
for future research.
Discussion
The purpose of this quantitative, quasi-experimental, nonequivalent control group design
study was to determine the effectiveness of a mindfulness curriculum on participants’
mathematics word problem-solving achievement compared to a control group that did not
receive the MindUP curriculum. Researchers have found that the mindfulness curriculum,
MindUP, fostered social and emotional awareness, enhanced psychological well-being, and
promoted academic skills in students whose age range was similar to the participants in this
study (Scholastic, 2011; Schonert-Reichl et al., 2015). Researchers have also found that
mindfulness practices had a significant moderate effect on executive function (EF) skills (Mak
et al., 2018; Takacs & Kassai, 2019; Zenner et al., 2014; Zoogman et al., 2015) and EF skills
impact individuals’ academic success (Diamond, 2012) and mathematics achievement (Cragg &
Gilmore, 2014). This study aimed to extend the positive outcomes of previous studies by
including a standardized word problem-solving outcome measure. The null hypothesis for this
study was that there is no significant difference between the word problem-solving adjusted
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posttest scores of third- and fourth-grade participants who received a supplemental mindfulness
curriculum and those who did not.
The school counselor delivered the MindUP curriculum to all participants in the
treatment group. MindUP lessons were delivered once per week over a 15-week period. In
addition, treatment group teachers integrated at least one curriculum-based activity each week to
reinforce the ideas presented in the MindUP lesson. Participants in the control group did not
receive the MindUP lessons, and teachers who were part of the control group did not receive
MindUP training. All participants took the TOMA-3 Word Problems subtest before the school
counselor delivered the MindUP curriculum to the treatment group. The subtest measured
participants’ proficiency in solving mathematics word problems and served as the pretest
(covariate) and the posttest (dependent variable) in this study. EF was not measured before or
after the intervention. Instead, potential transfer effects from the mindfulness curriculum on
participants’ performance with mathematics word problems were measured.
The research question guiding this study was whether a statistically significant difference
existed in the word problem-solving adjusted posttest mathematics scores of third- and fourthgrade students between those who participated in a supplemental mindfulness curriculum and
those who did not while controlling for pretest mathematics scores. Results of the ANCOVA
revealed no significant difference in the TOMA-3 scores between the treatment and control
groups. Thus, I failed to reject the null hypothesis that there was no statistically significant
difference between the word problem-solving adjusted posttest scores of third- and fourth-grade
participants who received a supplemental mindfulness curriculum and those who did not. These
findings contradict the findings of previous researchers who found that mindfulness practices
improved EF skills. In the subsequent sections, the findings of this study are discussed in relation
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to the two theories, cognitive load theory and self-regulated learning theory, grounding this study
and a review of the related literature is provided to support my interpretation of these findings.
Cognitive Load Theory
Cognitive load theory framed this study since it examines the cognitive demand on
students’ information processing systems during learning, particularly working memory
(Sweller, 1988, 2010). This theory includes a set of principles that support learning by leveraging
understanding of cognitive processes that support effective instruction and learning environments
(Clark et al., 2006). Sweller (2012) emphasized the potential for instructional design to increase
or decrease a learner’s cognitive load because some instructional techniques impose a heavier
cognitive load than others. Decreasing learners’ extraneous cognitive load during instruction
allows learners to devote their limited cognitive resources to the storage of new learning
(Sweller, 1994, 2010). It is important to consider the cognitive load imposed by participants’
classroom environments, participants’ related prior knowledge, and participants’ abilities in
related academic content areas.
Classroom Environment
This study included participants from 10 classrooms at two different schools. Although
treatment teachers were trained in mindfulness practices related to the MindUP curriculum, the
present study did not control for other factors in participants’ classroom environments. For
example, this study did not control for was the varying levels of extraneous cognitive load
participants from different classrooms experienced because of teachers’ instructional decisions.
Since the schools did not use a mathematics program, lesson content and instructional approach
likely varied across classrooms. The modality that teachers used to deliver the lesson and the
strategies they taught impacted participants’ extraneous load. These factors may have positively
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or negatively impacted the learning outcomes measured by the TOMA-3 Word Problems subtest.
Even if the MindUP curriculum supported EF improvements, variability in the cognitive load
participants were required to bear may have partially explained performance differences.
Clark et al. (2006) found that some teachers minimized the use of unnecessary cognitive
resources while others wasted learners’ valuable cognitive capacity through extraneous load.
Mathematics word problems impose high intrinsic cognitive load because they require learners to
process multiple elements, or mathematics concepts, simultaneously. Sweller (2012) defined
element interactivity as the interaction between elements in learning material that learners must
assimilate in working memory for learning to take place. When solving tasks with high element
interactivity, learners invest more cognitive resources into making sense of and solving the
problem. Some instructional designs are more effective than others at helping learners manage or
decrease element interactivity (Chen et al., 2015; Ngu et al., 2015; Ngu & Phan, 2016; Phan et
al., 2017; van Lieshout & Xenidou-Dervou, 2020).
Participants’ Related Academic Proficiencies
Another explanation related to cognitive load is participants’ variable intrinsic cognitive
load from mathematics word problems. When solving mathematics word problems, students
must simultaneously decode linguistic information, apply mathematics concepts, create models
and representations, demonstrate efficiency in procedural arithmetic, and accurately retrieve
mathematics facts (Morin et al., 2017). Participants’ proficiency with related mathematics
concepts impacted the cognitive load they faced while solving the mathematics word problems
on the TOMA-3 (Chandler & Sweller, 1991; Sweller, 1994). In the present study, related
mathematics knowledge was not measured.
Participants’ reading abilities are also important when solving mathematics word
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problems. Participant in this study received read-aloud accommodations if their IEPs or 504
plans stated they should receive them. Since reading difficulty was not ruled out for students not
receiving accommodations, it is possible that participants who did not receive this
accommodation struggled to read and comprehend the mathematics word problems on the
TOMA-3 assessment, thereby increasing their cognitive load. Researchers in previous studies
suggested that even students with above-average mathematics ability and low reading ability
performed better when problems were narrated in a video format (Helwig et al., 1999), it is
possible that providing all students with a read-aloud accommodation could have impacted the
results of the present study.
While read-aloud accommodations support even students with above-average
mathematics performance and poor reading skills (Helwig et al., 1999), additional complexities
exist concerning reading comprehension and mathematics word problems. Effectively
comprehending word problems involves linguistic factors relating to the problem structure and
semantics within the text of the problem (Daroczy et al., 2015; Powell et al., 2009). Linguistic
properties of mathematics word problems contribute to the cognitive load students must bear
when solving them (Abedi & Lord, 2001; Daroczy et al., 2015). Since the problems on the
TOMA-3 Word Problems subtest did not align with the word problem schemas addressed in the
North Carolina Standard Course of Study (NCDPI, 2021), it is possible that some students had
difficulty with this assessment because of the linguistic structure of the problems (Quilici &
Mayer, 1996, 2002).
Self-Regulated Learning Theory
The second theory that framed this study is self-regulated learning theory. Zimmerman
(1986) concluded that learners’ self-regulation is defined by the degree to which they can
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metacognitively, motivationally, and behaviorally participate in their own learning.
Metacognitive awareness involves monitoring, directing, and regulating actions to attain goals
(Gitomer & Glaser, 1987; Paris & Paris, 2001), which are processes supported by mindfulness
practices. Principles of self-regulated learning theory reveal additional considerations for
participants’ classroom environment resulting from teachers’ instructional paradigm and
unmeasured participant characteristics that may have contributed to the findings.
Teachers’ Instructional Paradigm
Learning opportunities that provide only superficial application or overly simple tasks
will not require students to utilize self-regulated learning strategies (Paris & Paris, 2001). For
students to engage in strategic self-regulated learning, teachers must deliver instructional tasks
that elicit students’ intrinsic interests, encourage ownership, make connections to students’ lives,
and encourage collaboration. In addition, teachers must maintain high expectations and offer
ongoing support (Paris & Paris, 2001). While MindUP supports improvements in students’
cognitive control (Schonert-Reichl et al., 2015), the degree to which students apply the MindUP
strategies, the strategies students find most effective, and the effort students excerpt depends on
the opportunities that teachers create for them (Paris & Paris, 2001). In the present study,
learning opportunities may have impacted the degree to which treatment group participants
needed to apply strategies learned from the MindUP curriculum. For example, teachers that
utilize a project-based learning approach and foster child-centered classrooms may promote selfregulated learning by providing opportunities for students to practice these skills (Paris & Paris,
2001; Stipek et al., 1995).
Participant Characteristics
Takacs and Kassai (2019) found that interventions aimed at teaching strategies for self-

83
regulation, such as mindfulness practices and biofeedback enhanced relaxation, yielded more
significant improvements on EF in atypically developing participants. They also concluded that
explicit practice of EF skills was less effective with atypically developing participants and
suggested that weak attention and deficient EF skills may explain this finding. Takacs and Kassai
classified participants as atypically developing if they had “diagnosed neuropsychological
disorders such as ADHD and ASD,” low working memory capacity, or behavior problems (p.
691). In another study, Flook et al. (2010) found that mindful awareness practices (MAPs) had a
stronger effect for participants with EF difficulties.
It is important to consider participants’ baseline cognitive profiles when interpreting the
results of the present study since some strategies aimed at developing EF skills are more
effective with some participant groups than with others. The MindUP curriculum may have had a
greater impact on some students than others, though these participant characteristics were not
accounted for in the present study. During the check-in meeting, held at the halfway point of
implementation, all treatment group teachers shared that some students independently engaged in
the MindUP core practice during testing, recess, and other independent learning times. Based on
this feedback, some students independently used mindfulness strategies while others did not. A
more thorough understanding of participants’ baseline cognitive abilities could assist in
interpreting these teacher observations.
Additional Considerations
Given the increased attention to mindfulness practices over the last decade, it is important
to interpret the findings of this study in relation to the findings of current research. First,
practitioners and researchers should consider the specific EF skills supported by the MindUP
curriculum and which of these skills is most essential for increasing students’ capacity to solve
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mathematics word problems. Second, practitioners should consider the outcome measure used in
this study and compare the present finding with findings from other school-based mindfulness
studies. Third, practitioners and researchers should consider the specific components of the
MindUP curriculum, and other mindfulness curricula, that produce the desired outcomes. This
study adds to the literature on mindfulness curricula in schools by illuminating current
discrepancies and areas for which there is a need for further research.
Model Fit: Mindfulness, EF Skills, and Mathematics Word Problems
The finding that MindUP did not have a statistically significant impact on participants’
mathematics word problem performance is surprising as previous researchers found that
mindfulness was significantly associated with participants scores on a latent EF measure (Riggs
et al., 2015) and EF skills were important for mathematics word problem success (Fuchs et al.,
2020; Morin et al., 2017). Similarly, Takacs and Kassai (2019) conducted a metanalysis and
found that mindful meditation yielded significant moderate effects on EF skills in children 12
and under. Discrepancy exists, however, regarding the specific EF skills supported by
mindfulness practices. For example, Gallant (2016) found that mindfulness improved inhibition
but that the impact on updating and shifting were less clear. This finding contradicts findings
from a randomized control trial in which researchers concluded that mindful meditation had the
greatest impact on working memory in adolescents (Quach et al., 2016). To date, there is no
widely accepted model to explain the impact of mindfulness practices on individual EF skills.
Although researchers have found that EF skills impacted individuals’ ability to recall
relevant mathematics facts, perform appropriate procedures, and establish and use conceptual
connections (Cragg et al., 2017), a clear model has not been established to explain the
relationships between EF skills and mathematics word problems. Though shifting, updating, and
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inhibition are moderately correlated, they are separable, and each contributes differently to
performance on complex tasks (Miyake et al., 2000). Establishing a clear model would support
educators in designing and delivering targeted interventions to support learners’ cognitive skills
and specific mathematics proficiencies, like mathematics word problems (Cragg et al., 2017). In
this study, the EF skills strengthened through participation in the MindUP curriculum may not
have been the skills that were most essential for solving mathematics word problems.
Outcome Measures
Schonert-Reichl et al. (2015) found that MindUP improved fourth- and fifth-grade
students’ EF skills, self-reports of well-being, and self- and peer-reports of prosocial behavior.
The researchers also found that MindUP participants improved their mathematics performance,
according to teacher-assigned mathematics grades. In the present study a standardized measure
of mathematics word problem performance contradicted these findings. Although participants in
Schonert-Reichl et al.’s study improved their EF skills based on cognitive batteries, transfer of
these gains was not measured on participants’ performance with standardized academic tasks.
Therefore, it is possible that the measures used by Schonert-Reichl et al. (2015) were biased. To
avoid bias in the present study, a standardized mathematics assessment was used.
Subjective measures like teacher-reports, parent-reports, and self-assessments have been
commonly used in similar studies. While recent studies concluded that mindfulness programs led
to improvements in cognitive control, emotional regulation, and EF (Mak et al., 2018; SchonertReichl et al., 2015; Zenner et al., 2014; Zoogman et al., 2015), some researchers question the
validity of these measures. For example, Van Dam et al. (2010, 2012) asserted that self-reports
of mindfulness may not be a valid measure since the completion of these reports requires a level
of self-awareness. Additionally, Toplak et al. (2013) found that performance-based measures and

86
rating scales of EF did not assess the same mental constructs. These authors concluded that
aspects measured by performance measures and rating scales contribute differently to cognition.
In a recent meta-analysis, Takacs and Kassai (2019) included only neuropsychological tests of
children’s EF skills and recommended that future studies measure the transfer of EF
improvements to academic performance. While the present study attempted to measure the
transfer of EF improvements and bridge this gap, transfer effects were not detected.
Since assessing EF skills in school settings presents challenges such as measurement
impurity, ecological validity, and a lack of agreement between performance tasks and
questionnaires (Zelazo et al., 2017), I assumed that EF gains would be reflected in participants’
performance on the TOMA-3 word problem-solving measure. Participation in the MindUP
curriculum could have led to group differences on specific EF measures as previous studies
found that improvements in EF did not always transfer to academic performance measures
(Melby-Lervåg & Hulme, 2013; Rapport et al., 2013; St. Clair-Thompson et al., 2010). Given the
complexity of mathematics word problems, a more general measure of mathematics performance
may have yielded more significant results in the present study.
Mindfulness Program Components
There is a paucity of rigorous program evaluations of mindfulness curricula (Semple et
al., 2016). Considering the heterogeneity of outcomes measures, participants, settings, and
programs (Zenner et al., 2014), researchers have yet to determine which components of
mindfulness are most supportive of EF. While all mindfulness approaches aim to quiet and focus
the mind and support participants in inhibiting both internal and external distractions (Diamond
& Ling, 2019), many mindfulness curricula have origins in different schools of thought. The
specific mechanisms that support EF skills are unknown, though researchers have hypothesized
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that attention-regulation trained through mindfulness may improve children’s executive skills
and attention (Takacs & Kassai, 2019). While Diamond and Ling (2019) posited that MindUP is
a promising curriculum for improving EFs, the specific components of the curriculum
responsible for these positive benefits are unknown and have not been investigated
independently. Britton et al. (2014) attempted to isolate the effects resulting from mindful
mediation practice on subjective measures of sixth graders’ mental health and affect. Like the
present study, Britton et al. found insignificant differences between the treatment and control
groups. They concluded that mindfulness may yield “unique and nonspecific effects” that may
also be achieved by other school-based activities (p. 275).
The MindUP curriculum includes components of programs that support self-regulation
strategies and mindful meditation. While mindfulness-based interventions (MBIs) improve EF
and attention, researchers have not yet determined which components of mindfulness curricula
are responsible for positive effects on EF and attention (Mak et al., 2018). Diamond (2012)
determined that programs that successfully improve EF in children are those that challenge these
skills directly while indirectly working to improve children’s ability to deal with stress,
experience joy and a sense of belonging, and increase physical fitness. MindUP promotes EF
skills across all areas, except physical fitness. In relation to this study, adding a component of
physical fitness may have impacted the results.
Implications
To expand upon previous findings related to mindfulness in schools, the current study
included a school-based mindfulness curriculum, a standardized outcome measure for
mathematics performance, and an active control group. Given the insignificant findings, several
implications for practice are presented. The results of this study add to the literature claiming that
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mindfulness in schools has surpassed its empirical evidence base (Britton et al., 2014; Dunning
et al., 2019). While researchers suggest that mindfulness practices yield positive outcomes in
children, more conclusive findings are needed if educators are going to devote instructional time
and resources to mindfulness in schools. Alternative approaches may yield more positive overall
outcome. For examples, Clements et al. (2016) concluded that interventions should target EF
skills and academic content simultaneously, and Joswick et al. (2019) recommended that
teachers differentiate instruction based on students’ mathematics abilities and developing EF
skills.
Whether teachers are to deliver specialized interventions or attempt to manage EF
demand from instructional tasks, increased training is needed to support their understanding of
EF skills. In the present study, treatment teachers and school counselors received limited training
on the MindUP curriculum prior to implementation, and EF skills were not emphasized nor
discussed in detail during the training. Increasing educators’ awareness of the EF skills supported
by the MindUP curriculum may have improved the results of the present study. Since
improvements in EF requires that EF skills be continually challenged (Diamond, 2012),
increased teacher training may be needed to deliver curricula effectively and to improve
students’ EF skills (Cragg & Gilmore, 2014). An emphasis on essential cognitive skills, like EFs,
should be included in teachers’ pre-service and in-service professional development because
understanding these skills is essential within a comprehensive MTSS framework.
Increased awareness of cognitive skills will allow educators to address learner diversity
and match mathematics strategies to learners’ unique needs. The Institute of Education Sciences
recommends that when teaching mathematics word problems, teachers use both routine and nonroutine problems during whole-class instruction, help students monitor and reflect upon their
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strategies, teach students to use visual representations to model problems, expose students to
multiple solution strategies, and assist students with algebraic notation and articulation of
mathematics concepts (Woodward et al., 2018). These practices may be a way to support selfregulation and help students to manage the cognitive load imposed by mathematics word
problems. Powell et al. (2020) found that third- grade students experiencing mathematics
difficulty benefited from metacognitive strategies and explicit instruction focused on the schema,
or structure, of word problems.
While mindfulness strategies support EF improvements (Diamond & Ling, 2019), more
direct approaches may be needed to see transfer of these gains to complex mathematics tasks. To
support learners in effectively utilizing their finite working memory capacity, teachers must
implement mathematics word problem strategies, like schema-based instruction (SBI), that
support students in monitoring and effectively using working memory space (Swanson, 2016). It
may be more productive for educators to focus on content specific strategies that support learners
in self-regulating their cognition (Jõgi & Kikas, 2016). Since the success of various mathematics
strategies is moderated by learners’ working memory capacity (Swanson, 2016), the ability to
assess learners’ working memory capacity in schools could also improve learning outcomes.
Limitations
Though quasi-experimental designs attempt to balance internal and external validity in
intervention studies when randomization is not possible (Handley et al., 2018), they have
inherent limitations. While experimental manipulation strengthened the internal validity of this
study, potential confounds existed concerning participants’ classroom membership because this
condition was not help constant between groups (Campbell & Stanley, 1963). Another factor that
threatened the internal validity in the present study was potential selection bias. Finally, though
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the setting and the existence of a structured protocol added to the external validity of the study,
external validity was threatened by disruption effects related to the Covid-19 global pandemic.
Variation Among Classes and Schools
Group differences are inherent in nonequivalent control group designs. These differences
present challenges to the internal validity of a study since factors unrelated to the intervention are
likely to have an impact on the results (Handley et al., 2018). In the present study, mathematics
instructional quality was not held constant among schools and classes. When interpreting the
results of the present study, it is important to understand the impact of teachers’ instructional
decisions on learners’ word problem strategies and mathematics proficiency. Similarly, more
information was needed to ensure quality and duration of MindUP implementation were held
constant among classes assigned to the treatment group.
One threat to the internal validity of this study was that mathematics instruction was not
held constant. Though teachers within each school and grade level collaboratively planned
mathematics instruction, teachers’ experience and skill level likely impacted the quality of
instruction, and therefore, the results of the present study. Previous research confirms that
teacher quality is inextricably linked to student achievement (Darling-Hammond et al., 2001) and
collective teacher quality is linked to differences in student achievement between schools (Heck,
2007). Heck (2007) found that teacher quality “reduced the negative relationship between
student background variables (i.e., social class, race/ethnicity) and growth rates within their
schools” (p. 442). Regarding the present study, student growth may have been closely linked to
teachers’ instruction than to group membership. Mathematics researchers have investigated
various strategies for solving word problems, and each found students had varying degrees of
success (Popham et al., 2020; Powell et al., 2020; Powell & Fuchs, 2018).
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Another threat to internal validity involved implementation fidelity for the MindUP
curriculum. Although having school counselors deliver the weekly lessons may have reduced
this threat, acknowledge additional confounds is necessary. While it was assumed that counselors
would be the best fit for delivering the lessons because of their training and professional
experience, the two counselors in this study had different levels of experience as school
counselors. At the time this study was conducted, the counselor at School A was in year two as a
school counselor and the counselor at School B was in year 27. Training for the MindUP
curriculum was very limited prior to implementation and the school counselors likely had
different levels of professional knowledge and experience with mindfulness. Zenner et al. (2014)
found that instructor experience and qualifications were important when delivering a
mindfulness intervention. Although the use of a manualized curriculum was a strength of this
study, researchers who endeavor to study the impact of a mindfulness curriculum should
consider thoroughly training teachers and key individuals involved with implementation of the
curriculum (Zenner et al., 2014).
The next threat to internal validity was the variance in lesson delivery. Although school
counselors sought to adhere to the MindUP curriculum, they may have adapted aspects of the
lessons to improve participant engagement and to promote an understanding of the lesson’s
content. Variance in lesson delivery may have also occurred if counselors were required to attend
to other job-related matters within the school. Given the variance in lesson delivery, student
outcomes may have differed across classrooms.
The final threat to internal validity was the inability to confirm the extent to which school
counselors and teachers exposed students to various mindfulness practices. Zenner et al. (2014)
found that an important factor that impacted the effectiveness of mindfulness programs on
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cognitive performance and resilience to stress was the amount of practice that participants
received. This threat to internal validity could have been mitigated by conducting more frequent
observations of MindUP lessons and classroom activities.
Selection Bias
By design, quasi-experimental designs lack random assignment. An additional threat to
the internal validity of this study is differential selection or selection bias. Since neither teachers
nor students were randomly assigned to treatment or control conditions, group assignment by the
school principals may have caused confounds (Campbell & Stanley, 1963; Handley et al., 2018).
School principals may have intentionally assigned teachers to a specific group because of the
hypothesized benefit of the intervention. If this occurred, then differences in the dependent
variable may have been a result of group assignment rather than the intervention. To avoid
selection bias, future researchers could use propensity scores.
Propensity score analysis allows researchers to develop a score that represents the
probability of being assigned to the treatment group, based on pretreatment variables (Adelson,
2013). White and Sabarwal (2014) found that propensity score matching using baseline survey or
observation data is one way to reduce the risk of selection bias in quasi experimental research.
Relevant variables would include data from mathematics lesson observations, participating
teachers’ years of experience, and experience with mindfulness. The goal of propensity score
matching is to match treatment and control groups on as many “theoretically relevant”
preintervention variables as possible (Adelson, 2013, p. 4).
Covid-19
The impact of the Covid-19 pandemic on this study should not be discounted. Handley et
al. (2018) referred to history bias in quasi-experimental studies as a condition in which
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concurrent events other than the intervention in question may have an impact on study results. At
the time that this study was conducted, elementary schools in the district were in regular session;
however, state mandates were being enforced to decrease the spread of the virus. Students and
school personnel were required to wear cloth face masks (Exec. Order No. 180, 2020) and
maintain a social distance of six feet (North Carolina Health and Human Services, 2020). Some
teachers included in the study taught both virtual and in-person students, thereby requiring them
to adapt teaching styles to hybrid formats with limited training (Schleicher, 2020). Although
virtual learners did not participate in this study, some teachers likely faced additional pressure
from teaching in a hybrid format, especially following an abundance of lost instructional time
during school closures (Schleicher, 2020).
Recommendations for Future Research
1. Researchers should examine the specific components of mindfulness practices
hypothesized to support EF skills and mathematics performance. Future studies should
independently measure the impact of these components on standardized mathematics
measures.
2. Researchers should consider using other standardized mathematics outcome measures to
assess potential gains from the MindUP curriculum.
3. In addition to quantitative data, researchers should collect qualitative data to support their
interpretation of study results. Mixed methods studies may be a logical next step, with
researchers using different forms of collection including teacher surveys and reports,
student and teacher interviews, observation data, and quantitative performance task data.
Collecting different forms of data may promote an understanding of the sources of
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heterogeneity among mindfulness studies and allow for more meaningful comparisons of
results.
4. Future studies should include a more thorough measure of implementation fidelity with
MindUP and should work to strengthen the lesson protocol.
5. Future studies should examine the impact of the MindUP curriculum on atypically
developing students since this is an area for which there are limited findings (Takacs &
Kassai, 2019).
6. Since age significantly moderates the effects of mindfulness interventions (Dunning et
al., 2019; Ritter & Alvarez, 2020), future studies should compare the impact of
mindfulness on participants from different age groups.
7. To address selection bias and reduce confounds to internal validity, future researchers
should observe participating teachers prior to group assignment and match treatment
group and control group teachers based on instructional techniques and classroom
environment.
8. To increase internal validity, future studies should have the same teacher deliver
mathematics instruction to participants in both groups and deliver the MindUP
curriculum to the treatment group. This delivery model may be more practical in a
secondary school setting, which may be an opportune time for to introduce mindfulness
practices since this time is characterized by heightened brain plasticity (Giedd, 2008),
increased self-reflection, and increased social awareness and perspective-taking
(Blakemore & Mills, 2014; Dunning et al., 2019).
9. Examine the long-term impact of mindfulness using a single-subject-multiple-baseline
approach.
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Conclusion
EF skills help learners to supervise and regulate their thinking and solve complex
mathematics tasks (Clements et al., 2016). This study adds to the literature by concluding
that enthusiasm for some approaches for supporting EF has surpassed the empirical
evidence base (Dunning et al., 2019). Since strengthening EF skills requires that these skills
be progressively challenged and repeatedly practiced (Diamond, 2012), high-quality
mathematics instruction may have a dual benefit of teaching content specific strategies
while supporting and possibly expanding learners’ EF skills (Clements et al., 2016). This
approach effectively combines principles from cognitive load theory with principles from
self-regulated learning theory since both emphasize learners’ regulation decisions during
learning (Sweller et al., 2019).
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Appendix A
Proposed Hierarchical Framework of the Executive Functions Underpinning Mathematics

Adapted from “Direct and Indirect Influences of Executive Functions on Mathematics
Achievement” by L. Cragg, S. Keeble, S. Richardson, H. E. Roome, and C. Gilmore, 2017,
Cognition, 162, p. 21, https://doi.org/10.1016/j.cognition.2017.01.014, CC BY-4.0
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Appendix B
Suggested Mathematics and Executive Function Demand Matrix

Reprinted with permission from Teaching Children Mathematics, Copyright 2019, by the
National Council of Teachers of Mathematics. All rights reserved.
From “Double Impact: Mathematics and Executive Function” by C. Joswick, D. H. Clements, J.
Sarama, H. W. Banse, C. A. Hess, 2019, Teaching Children Mathematics, 25(7), p. 422-423,
(https://doi.org/10.5951/teacchilmath.25.7.0416). Copyright 2019 by Teaching Children
Mathematics.
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Note: Joswick et al. (2019) suggest that teachers should select mathematics activities based on
knowledge of students’ mathematics abilities and the development of students’ executive
functions. They caution against the use of low mathematics and low EF tasks and suggest slowly
increasing the demand for students who experience difficulties.

Reprinted with permission from Teaching Children Mathematics, Copyright 2019, by the
National Council of Teachers of Mathematics. All rights reserved.
From “Double Impact: Mathematics and Executive Function” by C. Joswick, D. H. Clements, J.
Sarama, H. W. Banse, C. A. Hess, 2019, Teaching Children Mathematics, 25(7), p. 422-423,
(https://doi.org/10.5951/teacchilmath.25.7.0416). Copyright 2019 by Teaching Children
Mathematics.
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Appendix C
Direct and Indirect Routes to Improving Executive Function

Note: In this model, Diamond (2012) hypothesizes that “programs that will most successfully
improve children’s EFs are those that require and directly challenge EFs and support EFs
indirectly by reducing children’s stress or improving their ability to handle stress, increasing
their joy, helping them feel that they belong and that others are there for them, and improving
their physical fitness” (p. 339).
From “Activities and Programs that Improve Children’s Executive Functions” by A. Diamond,
2012, Current Directions in Psychological Science, 21(5), p. 339
(https://doi.org/10.1177/0963721412453722). Copyright 2012 by Adele Diamond.
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Appendix D
Cognitive Model of Mindfulness State
Removed for copyright

Note: This cognitive model of mindfulness represents mindfulness with a broken line.
Determinants and direct and indirect effects are also displayed.
From “A Cognitive Perspective on Mindfulness” by P. Holas, T. Jankowski, 2013, International
Journal of Psychology, 48(3) p. 232-243. Copyright 2012 by John Riley & Sons.
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Appendix E
IRB Approval Letter
December 8, 2020
Adrianne Blackwelder
Michelle Barthlow
Re: IRB Exemption - IRB-FY20-21-200 THE EFFECTS OF A MINDFULNESS CURRICULUM ON
MATHEMATICS WORD PROBLEM PERFORMANCE IN 3RD and 4TH GRADE STUDENTS
Dear Adrianne Blackwelder, Michelle Barthlow:
The Liberty University Institutional Review Board (IRB) has reviewed your application in accordance
with the Office for Human Research Protections (OHRP) and Food and Drug Administration (FDA)
regulations and finds your study to be exempt from further IRB review. This means you may begin your
research with the data safeguarding methods mentioned in your approved application, and no further IRB
oversight is required.
Your study falls under the following exemption category, which identifies specific situations in which
human participants research is exempt from the policy set forth in 45 CFR 46: 101(b):
Category 1. Research, conducted in established or commonly accepted educational settings, that
specifically involves normal educational practices that are not likely to adversely impact students’
opportunity to learn required educational content or the assessment of educators who provide instruction.
This includes most research on regular and special education instructional strategies, and research on the
effectiveness of or the comparison among instructional techniques, curricula, or classroom management
methods.
Your stamped consent form can be found under the Attachments tab within the Submission Details
section of your study on Cayuse IRB. This form should be copied and used to gain the consent of your
research participants. If you plan to provide your consent information electronically, the contents of the
attached consent document should be made available without alteration.
Please note that this exemption only applies to your current research application, and any modifications to
your protocol must be reported to the Liberty University IRB for verification of continued exemption
status. You may report these changes by completing a modification submission through your Cayuse IRB
account.
If you have any questions about this exemption or need assistance in determining whether possible
modifications to your protocol would change your exemption status, please email us at irb@liberty.edu.
Sincerely,
G. Michele Baker, MA, CIP
Administrative Chair of Institutional Research
Research Ethics Office
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Appendix F
District Consent Form
Title of the Project: The Effects of a Mindfulness Curriculum on Mathematics Word Problem
Performance in 3RD and 4TH Grade Students
Principal Investigator: Adrianne S. Blackwelder, M.A - Liberty University
Invitation: You are invited to participate in a research study. To participate, you must sign this
consent form on behalf of your school/district. Taking part in this research project is voluntary.
Please take time to read this entire form and ask questions before deciding whether to take part in
this research project.
What is the study about and why is it being done?
The purpose of the study to determine if a mindfulness curriculum impacts participants’
performance on mathematics word problems. The mindfulness curriculum used in this study is
suggested to improve executive function skills and students’ social emotional well-being.
Executive function impacts academic performance and is a construct that can be improved
through intervention.
What will happen if you take part in this study?
If you agree to be in this study, I will ask you to do the following things:
1. Send an Opt-Out Form home with all 3rd and 4th grade students at Union Grove
Elementary and Celeste Henkel Elementary
2. Administer the TOMA-3 Word Problems subtest (pretest) to all 3rd and 4th graders in one
30-minute session
3. Identify participants based on TOMA-3 percentile
4. Identify group membership based on students’ classroom membership
5. Teachers and school counselors will deliver the mindfulness curriculum to half of the
study participants over 15 weeks
6. Administer the TOMA-3 Word Problems subtest (posttest)
How could you or others benefit from this study?
The direct benefits participants should expect to receive from taking part in this study is support
from the mindfulness curriculum, which has shown to improve executive function, among other
social emotional competencies. In addition, the TOMA-3 will provide teachers with valuable
data about students’ performance, which can be used to support instruction.
In addition to student-level benefits, this study will benefit the field of education by adding to the
body of knowledge regarding interventions that support students’ academic performance.
What risks might you experience from being in this study?
The risks involved in this study are minimal, which means they are equal to the risks you would
encounter in everyday life.
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How will personal information be protected?
The records of this study will be kept private. Published reports will not include any information
that will make it possible to identify a subject. Research records will be stored securely, and only
the researcher will have access to the records.
• Data will be stored on a password-locked computer and may be used in future
presentations. After three years, all electronic records will be deleted.
How will you be compensated for being part of the study?
Participants will not be compensated for participating in this study.
Is study participation voluntary?
Participation in this study is voluntary. Your decision whether to participate will not affect your
current or future relations with Liberty University or Iredell Statesville Schools. If you decide to
participate, you are free to not answer any question or withdraw at any time.
What should you do if you decide to withdraw from the study?
If you choose to withdraw from the study, please contact the researcher at the email
address/phone number included in the next paragraph. Should you choose to withdraw, data
collected from you will be destroyed immediately and will not be included in this study.
Whom do you contact if you have questions or concerns about the study?
The researcher conducting this study is Adrianne Blackwelder. You may ask any questions you
have now. If you have questions later, you are encouraged to contact her at 704.880.1987 or
ablackwelder@liberty.edu. You may also contact the researcher’s faculty sponsor, Dr. Michelle
Barthlow, at mjbarthlow@liberty.edu.
Whom do you contact if you have questions about your rights as a research participant?
If you have any questions or concerns regarding this study and would like to talk to someone
other than the researcher, you are encouraged to contact the Institutional Review Board, 1971
University Blvd., Green Hall Ste. 2845, Lynchburg, VA 24515, or email at irb@liberty.edu
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Appendix G
Opt-Out Parent Letters

Dear Parents,
We are writing to inform you about our school’s involvement in a research project this year.
Third and fourth grade students are invited to participate during their regular school day.
Students will take a mathematics assessment to measure proficiency with word problems. This
assessment will provide teachers will valuable information about your child’s ability to solve
complex mathematics word problems.
Select students will then be invited to participate in 15 lessons from a mindfulness curriculum.
The curriculum is a comprehensive, research-supported program that fosters social and
emotional awareness in an effort to support overall well-being and academic success. This
instruction will take place during the regular school day beginning in January 2021 and ending in
April 2021. Students will learn and practice core skills such as attentive listening, deep
breathing, and self-awareness.
If, for any reason, you do not want your child to participate, please complete this form and return
it to school with your child. Please contact the school principal with further questions about this
opportunity.
Child’s Name: _______________________________________

Grade: _________________

My child may not participate in this study.
Parent’s Name: _______________________________________

Date: __________________

Parent’s Signature: ____________________________________________
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Title of the Project:
The Effects of a Mindfulness Curriculum on Mathematics Word Problem Performance in 3RD
and 4TH Grade Students
Principal Investigator: Adrianne S. Blackwelder, M.A - Liberty University
Invitation to be Part of a Research Study
Your child is invited to participate in a research study. Participants must be in 3rd or 4th grade and
experiencing difficulty with mathematics word problems. Taking part in this research project is
voluntary.
Please take time to read this entire form before signing to allow your child to participate.
What is the study about and why are we doing it?
The purpose of this study is to determine if a mindfulness curriculum impacts participants’
performance on mathematics word problems. The mindfulness curriculum used in this study is
suggested to improve executive function skills and students’ social emotional well-being.
Executive function impacts academic performance and is a construct that can be improved
through intervention.
What will participants be asked to do in this study?
If you agree to allow your child to be a part of this study, I will ask him/her to do the following
things:
1. Complete the TOMA-3 Word Problems subtest
2. School counselors and classroom teachers will deliver the mindfulness curriculum to half
of study participants over a 15-week period
3. Complete the TOMA-3 Word Problems subtest
How could participants or others benefit from this study?
The direct benefit your child should expect to receive from taking part in this study is support
from the mindfulness curriculum, which has shown to improve executive function, among other
social emotional competencies. In addition, the mathematics assessment will provide your
child’s teacher with valuable data about your child’s mathematics understanding, which can be
used to support instruction.
In addition to student-level benefits, this study will benefit the field of education by adding to the
body of knowledge regarding interventions that support students’ academic performance.
What risks might you experience from being in this study?
The risks involved in this study are minimal, which means they are equal to the risks you would
encounter in everyday life.
How will personal information be protected?
The records of this study will be kept private. Published reports will not include any information
that will make it possible to identify your child. Research records will be stored securely, and
only the researcher will have access to the records. Data will be stored on a password-locked
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computer and may be used in future presentations. After three years, all electronic records will
be deleted.
How will you be compensated for being part of the study?
Participants will not be compensated for participating in this study.
Is study participation voluntary?
Participation in this study is voluntary. Your decision about whether to allow your child to
participate will not affect his/her current or future relations with Liberty University or Iredell
Statesville Schools. If you decide to participate, you are free to not answer any question or
withdraw at any time.
What should you do if you decide to withdraw from the study?
If you choose to withdraw your child from the study, please contact the researcher at the email
address/phone number included in the next paragraph. Should you choose to withdraw, data
collected from your child will be destroyed immediately and will not be included in this study.
Whom do you contact if you have questions or concerns about the study?
The researcher conducting this study is Adrianne Blackwelder. You may ask any questions you
have now. If you have questions later, you are encouraged to contact her at 704.880.1987 or
ablackwelder@liberty.edu. You may also contact the researcher’s faculty sponsor, Dr. Michelle
Barthlow, at mjbarthlow@liberty.edu.
Whom do you contact if you have questions about your rights as a research participant?
If you have any questions or concerns regarding this study and would like to talk to someone
other than the researcher, you are encouraged to contact the Institutional Review Board, 1971
University Blvd., Green Hall Ste. 2845, Lynchburg, VA 24515, or email at irb@liberty.edu
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Appendix H
TOMA-3 Permission
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Appendix I
MindUP Lesson Schedule
Date
Week of Jan 5

MindUP Lesson / Task

Connecting to the Curriculum

Administer Pre-assessments

Administer Pre-assessments

Jan 11-18

Introduce the Core Practice - Counselors

Practice the Core Practice

Jan 18-22

Lesson 1: How Our Brains Work

Jan 25-29

Lesson 2: Mindful Awareness

Did You Know…? Brain Facts
A Class Act

Feb 1-5

Lesson 3: Focused Awareness: The Core
Practice

Taking Your Time Counts

Feb 8-12

Lesson 4: Mindful Listening

Feb 15-19

Lesson 5: Mindful Seeing

Feb 22-26

Lesson 6: Mindful Smelling

Nosy Inferences

Mar 1-5

Lesson 7: Mindful Tasting

How-to-Savor Paragraphs

Listening Walk
Fingerprint Findings

Spring Break
Mar 15-19

Lesson 8: Mindful Movement I

Position Yourself to Learn

Mar 22-26

Lesson 9: Mindful Movement II

Ready, Steady, Set Goal!

Mar 29-April 2

Lesson 10: Perspective Taking

Fractured Tale Skits

April 5-9

Lesson 11: Choosing Optimism

Put a Positive Spin on It

April 12-16

Lesson 12: Appreciating Happy Experiences

Class Favorites Data

April 19-23

Lesson 13: Expressing Gratitude

April 26-30

Lesson 14: Performing Acts of Kindness

Ripple Effect of Kindness

May 3-4

Lesson 15: Taking Mindful Action in the
World

Kindness Mottoes

Gratitude Stones
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Appendix J
MindUP Lesson Delivery Checklist
Week
Jan 11-18

MindUP Lesson
Introduce the Core Practice - Counselors
Unit 1: Getting Focused

Jan 18-22

Lesson 1: How Our Brains Work

Jan 25-29

Lesson 2: Mindful Awareness

Feb 1-5

Lesson 3: Focused Awareness: The Core
Practice
Unit 2: Sharpening Your Senses

Feb 8-12

Lesson 4: Mindful Listening

Feb 15-19

Lesson 5: Mindful Seeing

Feb 22-26

Lesson 6: Mindful Smelling

Mar 1-5

Lesson 7: Mindful Tasting
Spring Break

Mar 15-19

Lesson 8: Mindful Movement I

Mar 22-26

Lesson 9: Mindful Movement II
Unit 3: It’s All About Attitude

Mar 29-April 2 Lesson 10: Perspective Taking
April 5-9
April 12-16

Lesson 11: Choosing Optimism
Lesson 12: Appreciating Happy Experiences
Unit 4: Taking Action Mindfully

April 19-23

Lesson 13: Expressing Gratitude

April 26-30

Lesson 14: Performing Acts of Kindness

May 3-4

Lesson 15: Taking Mindful Action in the World

Date Taught
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Appendix K
Treatment Group Observation Protocol
Lesson Observation
Item 1: Name of Observer
Item 2: MindUP Teacher
Item 3: School
Item 4: Individual Delivering Lesson
Item 5: Date of Lesson
Item 6: Number of Students
Item 7: Lesson Components Observed
[Connection to Brain Research; Warm-Up Activity; Engagement Activity; Explore
Activity; Reflect Activity; Core Practice – Deep Breathing Practice; Other]
Item 8: Active Participation Observed
[Class Discussion; Partner/Small Group Discussion; Journaling; Lesson Worksheets;
Class List/Anchor Chart; Other]
Item 9: What percentage of the class actively participated in the lesson?
[About 10% (2/20); About 20% (4/20); About 30% (6/20); About 40% (8/20); About
50% (10/20); About 60% (12/20); About 70% (14/20); About 80% (16/20); About 90%
(18/20); About 100% (20/20)]
Item 10: Engagement – How engaged were students during the lesson?
[Sliding scale from 1 (Not Engaged) to 5 (Very Engaged)]
Item 11: Understanding – Did students understand the main concept(s) presented in the lesson?
[Sliding scale from 1 (Most Did NOT) to 5 (Most CLEARLY Understood)]
Item 12: Real-Life Connections – To what degree were students encouraged to make real-life
connections to lesson content?
[Sliding scale from 1 (No Connections) to 5 (Connections Throughout)]
Teacher Survey
Item 13: About how many Mindful Breathing exercises do you complete during the average
day?
[0; 1; 2; 3; More than 3]
Item 14: About how often are you able to complete the Curriculum Connections activity?
[Always; Often; Sometimes; Rarely; Never]
Item 15: On a scale from 1-5, rate your class’ overall engagement in the activities relating to the
MindUP curriculum.
[Sliding scale from 1 (Not Engaged) to 5 (Very Engaged)]
Item 16: How many of the MindUP weekly lessons has your class missed?

141
Appendix L
Control Group Observation Protocol
Item 1: Name of Observer
Item 2: Control Group Teacher
Item 3: School
Item 4: Date of Observation
Item 5: Number of Students
Item 6: Individual Leading the Morning Meeting/Lesson
[Classroom Teacher; School Counselor; Teacher Assistant; Substitute; Other]
Item 7: Subject/Lesson Observed
[Morning Meeting; Mathematics; Literature; Science; Social Studies;
Stations/Collaborative Groups; Independent Work; Other]
Item 8: MindUP Components Observed
[Discussion of Brain Research; Core Practice; Connecting to the Curriculum; Other]
Item 9: Additional Notes
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Appendix M
Study Timeline

Date

Task

November 17

December 2020

Week of December 21,
2020

Week of January 11
Week of January 18 –
Week of May 3

March 18

Week of May 3

Virtual MindUP training with
MindUP representative
Duration – 90 minutes

MindUP Planning PLCs
Duration – 45 minutes

In Attendance:
Researcher, Principals,
Instructional Coaches,
School Counselors, and
Treatment Teachers
In Attendance:
Researcher, Instructional
Coaches, School
Counselors, Treatment
Teachers

Sent consent forms home with all third and fourth grade
students

TOMA-3 Pretest

Deliver MindUP Lessons

Mid-curriculum MindUP
Training and Problem Solving
Duration – 30 minutes

TOMA- 3 Posttest

In Attendance:
Researcher, Instructional
Coachers, School
Counselors, and Treatment
Teachers
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